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nils  report  contains  ^  general  description  of  the  calculation 
of  the  complex  e  and  con^Jlex  |i  parameters  of  doughnut-shaped  specimens 
from  the  measured  quantities  dezd.ved  from  our  two  measurement  systems. 

Ihe  specific  methods  are  referenced.  Ihe  conqplex  parameters  as  functions 
of  frequency  are  presented  in  tabular  form  for  a  number  of  specimens. 
Characteristic  plots  of  attenuation  versus  frequency  are  also  included 
for  12  specimens.  A  brief  discussion  of  our  solution  to  a  theoretical 
problem  in  the  calculation  (multivaluedness  of  the  phase  constant)  is 
included. 


A  number  of  simple  circuits  were  analyzed  to  determine  how 
elemental  conqjonents  might  introduce  loss  into  a  network.  Resorting  to 
use  of  an  analog  computer  to  aid  in  the  manipulation  of  complex  expres¬ 
sions  led  to  a  practical  technique  for  designing  a  high  loss  network. 
Dissipative  power  loss  in  excess  of  20  db  at  20  kc  and  increasing  on  the 
order  of  20  db  or  greater  per  decade  is  shown  to  be  possible  with  com¬ 
ponents  of  practical  value.  However,  for  this  loss  to  be  realized  in 
practice,  the  components  wovild  need  to  meet  or  exceed  severe  voltage  or 
current  specifications.  Investigation  of  these  requirements  should  be 
)  the  prime  consideration  in  the  future  pursuit  of  this  study. 

Studies  of  RF  protective  systems  have  led  us  to  investigate 
some  unusual  materials  and  methods  for  eliminating  unwanted  RP  energy. 
Electroluminescent  phosphors,  electroluminescent-photoconductlve  circuitry 
and  dissipative  filter  networks  were  the  topics  studied.  Phosphors  do 
not  at  present  form  a  probable  solution  to  RF  control,  >dille  electro- 
luminescent-photoconductive  circuitry  and  dissipative  filters  seem 
promising  but  require  further  development. 

Our  success  with  carbonyl  iron  resulted  in  a  valuable  contz*ibu- 
tlon  to  the  protection  of  ordnance  devices  from  the  hazards  of  electro¬ 
magnetic  radiation.  However,  it  is  limited  in  its  effectiveness  to 
frequencies  of  100  Me  and  up.  Our  experience  has  indicated  that  it  is 
possible  to  obtain  appreciable  veLlues  of  attenuation  at  frequencies  of 
1  Me  -  100  Me  by  the  use  of  a  class  of  materials  cadled  ferrites.  We 
have  therefore  conducted  a  study  of  ferrite  materials  as  a  major  phase 
of  the  contract.  Our  study  is  divided  into: 

1.  Material  supply 

2.  Evaluation  of  samples  for  attenuating  properties 

3.  Theoretical  approach  to  attenuation 

4.  Methods  of  prepauratlon  of  ferrites 
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We  have  been  most  fortunate  in  obtaining  samples  of  ferrite 
toroids  from  commercial  manufacturers.  In  order  to  reduce  the  number 
of  san^les  to  be  evaQ.uated  to  those  vdilch  have  values  of  electrical  and 
magnetic  parameters  vdxlch  are  significant  in  maximizing  losses,  a  llter- 
atui*e  study  was  made.  A  table  showing  electrical  and  magnetic  properties 
of  ferromagnetic  materials  vdilch  are  available  commercially  Is  presented. 

San^jles  of  the  ferrites,  T-1,  C-27,  Q-1,  and  H-1  were  received 
and  evaluated.  A  composite  plot  of  attenuation  versus  frequency  Is  given 
vdilch  shows  that  C-27  Is  the  beet  of  the  four  for  our  purposes. 

Inasmuch  as  our  ultimate  aim  Is  to  be  able  to  specify  the 
parameters  that  will  maximize  attenuation,  an  equation  Is  given  that 
relates  attenuation  to  frequancy,  permittivity,  permeability,  and  loss 
tangents.  Two  graphs  are  included  \diich  show  the  relationship  of  at¬ 
tenuation  to  frequency,  with  the  products  of  real  parts  of  con?>lex 
relative  permeability  and  cosqjlex  relative  permittivity  as  parameters 
with  different  values  of  loss  tangents  assumed. 

Our  literature  study  indicated  that  high  initial  permeability 
and  low  volume  resistivity  should  be  looked  for.  To  aid  in  n>aHng  a 
choice  of  a  ferrite  for  fturther  evaluation,  two  tables  are  given  vdiich 
list  these  properties  for  various  powdered  materials. 

The  method  of  preparation  of  ferrites  is  discussed.  Some  of 
the  phenomena  that  might  be  exploited  in  making  the  material  more  lossy 
are  mentioned. 

Initial  production  of  atteniiators  from  fired  feri*ite  powders 
are  discussed  and  progress  indicated. 

In  an  effort  to  increase  the  resistance  and  voltage  breakdown 
characteristics  of  RF-protected  initiator  assemblies,  barium  titanate 
ceramic  tubes  were  evaluated  as  insulators.  The  ranges  of  insulation 
thickness  and  material  dielectric  constant  required  to  provide  insulated 
assemblies  without  appreciable  loss  in  attenuation  due  to  energy  propaga¬ 
tion  through  the  dielectric  were  explored.  For  exas^ile,  a  ceramic 
insulator  with  a  dielectric  constant  greater  than  115  and  a  thickness 
of  0.017  inch  produced  no  adverse  effects  on  the  assembly  attenuation. 

A  glass  bonded  mica  with  K  =  7  and  0.010  thickness  gave  a  755^  drop  in 
attenuation  compared  to  the  uninsulated  assembly.  Some  data  irregular¬ 
ities  in  the  attenviation  change  versus  ceramic  thickness  and  dielectric 
constant  curves  were  noted.  Measurements  of  the  capacity  and  dissipation 
factor  of  the  ceramic  insulators,  attenuating  materials  and  assemblies 
were  made  to  assist  in  the  data  evaluation. 
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A  special  saoqple  group  using  small  (l/l6-lnch  outside  diameter, 
l/32-lnch  inside  diameter)  hi^  K  cereunic  tubes  was  tested  and  no  decreases 
in  attenuation  noted.  Since  application  of  ceramic  preforms  is  Impractical 
for  many  initiator  designs,  methods  of  applying  thin  coatings  of  hl^  K 
insulation  to  initiator  wires  and  the  inner  surfaces  of  initiator  casings 
are  recommended  as  a  basis  for  further  study. 

Attempts  to  iny^rove  the  attenuating  ability  of  ccurbonyl  iron 
attenuators  were  carried  out  during  this  contract.  Two  major  phases  were 
investigated:  effect  of  particle  size  and  effect  of  coating  technique. 
Results  of  the  particle  size  study  were  that  20  micron  powder  exhibited 
the  best  all  around  characteristics.  Using  20  micron  powder  coated  with 
1/2$E  we  were  able  to  abtaln  samples  that  had  200  db/cm  at  500  Me. 

Of  the  many  coating  techniques  evaluated,  only  TIO.  produced 
sanQ}les  comparable  to  those  made  by  the  acetone-phosphate  synem. 

However,  the  TdO.  system  is  much  more  complicated  and  does  not  have  any 
special  advantage. 

There  was  one  other  phase  of  investigation;  we  tried  using 
other  powders  (such  as  nickel  and  zinc)  in  place  of  the  carbonyl  iron. 
Success  in  this  venture  was  nil. 
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For  several  years.  The  Franklin  Institute  has  been  active  In 
seeking  solutions  to  problems  concerning  Hazards  of  Electromagnetic 
Radiation  to  Ordnance  (HERO).  Working  under  the  sponsorship  of  the 
Naval  Weapons  Laboratory,  we  have  striven  to  define  the  fundamental 
problems  and  then  work  towards  their  solutions.  Research  under  these 
conditions  has  resulted  In  a  more  general  understanding  of  the  RF  prob¬ 
lem  and  has  led  to  the  development  of  an  RF  absorbing  material  (carbonyl 
Iron)  that  can  be  made  an  integral  part  of  axi  BED;  that  Is,  It  can  be 
used  in  place  of  the  stsuidard  plug  material.  We  also  investigated  the 
properties  of  a  number  of  ferrite  materials,  for  similar  application. 

Ihe  c2u*bonyl  Iron  material  was  developed  under  contract  with 
Plcatlnny  Arserml  and  perfected  under  previous  contracts  with  the  Naval 
Weapons  Laboratory  and  Plcatlnny  Arsenal.  Because  It  appeared  that 
frequencies  below  10  megacycles  would  give  the  most  trouble,  contrary 
to  our  first  concern  regarding  radar  frequency  above  1000  megacycles, 
we  have  atteitg)ted  to  ln^)rove  the  Iron's  low  frequency  characteristics. 

As  we  gained  more  e^qperlence  with  attenuators  made  from  carbonyl  Iron, 

It  became  apparent  that  by  the  use  of  this  material  we  could  not  obtain 

\ 

enough  attenuation  below  100  Me  with  the  dimensional  restrictions  that 
were  lnQ)osed.  We  -therefore  concentrated  upon  the  family  of  materials 
called  ferrites. 

Results  from  the  ferrite  investigation  are  encoureiglng.  Prom 
the  data  obtained  during  this  project.  It  would  seem  that  appreciable 
attenuation  Is  attainable  down  to  1  Me  in  a  reasonable  length  of  plug. 
Techniques  by  %dilch  the  att«iuatlon  may  be  increased  have  been  determined, 
and  these  suggest  the  direction  for  future  work.  There  are,  however, 
two  disadvantages  to  ferrites  which  ejdilbit  marked  attenuation.  First, 
they  have  low  volume  resistivity  (p)  tdilch  would  shunt  the  dc  input  to 
the  EED.  For  certain  applications  (such  as  low  resistance  devices)  this 
may  be  unljqportant .  But  to  maJee  the  material  of  wider  utility,  we  are 
investigating  means  of  increasing  resistivity. 
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The  second  disadvantage ,  far  more  serious  than  the  first,  Is 
the  fact  that  the  ferrites  cannot  be  molded  In  the  same  manner  as  the 
carbonyl  Iron.  One  of  the  main  disadvantages  of  the  carbonyl  Iron  as 
an  attenuating  material  Is  that  It  can  be  molded  at  room  temperature 
Into  an  BBD  plug  with  wire  leads  Included.  With  ferrites,  a  curing 
tenqjerature  of  1400 **0  Is  required  after  molding.  Ihls  eliminates  the 
use  of  the  two  most  commonly  used  lead  wires :  copper  and  stainless 
steel.  Copper  melts  and  stainless  steel  oxidizes  severely. 

Results  obtained  during  this  contract  have  pointed  out  the 
work  required  to  make  ferrite  materials  adaptable  to  EES's.  The  three 
major  areas  that  still  need  further  work  are  the  following:  dielectric 
coating  on  conductors  to  overcome  low  volume  resistivity,  method  of 
molding  ferrites  at  lower  tenqperatures  so  that  wire  leads  are  not  damaged, 
and  preparation  of  ferrites  "to  order",  to  afford  attenuation  In  any 
specified  frequency  range. 

We  have  not  limited  our  investigation  to  solid  state  attenuators 
but  have  also  looked  into  the  possibility  of  using  filter  networks  having 
unconventional  configurations.  The  possibility  of  using  other  less  obvious 
energy-oonsumlng  phenomena  such  as  electroluminesoence,  has  also  been  ex¬ 
amined. 

During  an  investigation  of  this  kind,  the  development  of  Instru¬ 
mentation  for  making  the  required  measurements  proceeds  along  with  the 
project.  This  Is  especlaJLly  txnie  in  wozic  concerning  RF  vAiere  instrumentation 
Is  still  In  Its  Infancy.  In  view  of  the  amount  of  instrumentation  that  has 
been  developed  on  this  project  and  on  previous  contracts,  we  are  not  includ¬ 
ing  it  in  this  report.  We  ahall  prepare  a  separate  report  devoted  entirely 
to  instrumentation. 


2  - 
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2.  IHEORETICAL  AND  PHYSICAL  STUDIES 

2.1  Detenslnatlon  of  Sample  Parameters 
Contributor:  Ramie  H.  !Ihoiq>son 


VAien  the  electrical  behavior  of  a  materlsd  (including  attenua¬ 
tion)  Is  specified  In  terms  of  Its  cojq>lex  permittivity  and  permeability, 
the  Incremental  transmission  line  model  of  the  material  preserves  both  a 
series  and  a  shunt  loss  consonant.  In  general,  the  magnitude  of  the 
losses  will  be  functions  of  the  real  part  of  the  coiqilex  permittivity 
and  permeability  as  well  as  the  imaginary  part  of  these  parameters. 

*  'N- 

By  evaluating  many  different  materi£Q.s  in  terms  of  n  ,  e  , 
and  attenuation,  an  empirical  method  for  maximizing  attenuation  by  varia¬ 
tion  of  coB9)onent  materials  may  be  found.  The  data  should  also  give 
insist  Into  the  division  of  the  losses  between  series  and  shunt  elements. 


An  alternative  formulation  for  the  description  of  electrical 
behavior  may  be  made  in  terms  of  the  three  non-complex  parameters  e,  |i 
and  o.  Ihls  formulation  lunps  all  magnetic  field  losses  with  the  electric 
field  loss  and  does  not  preserve  the  series  loss  conponent  in  the  incre- 
mental  transmission  line  model.  Ihese  parameters  are  related  to  the  |a  , 
e  parameters  in  a  manner  described  in  Appendix  A. 

!^e  attenuation  constant  (or)  as  a  function  of  the  conplex 
parameters  is  derived  in  Report  P-B1857-6  on  this  project  and  is  given 
by 


[cV  -  e'M'  (2-1) 


tdiere  c  ®  e^Ce'  -  Jc")  and  m 


Previous  projects  of  The  Franklin  Institute  Laboratories 

(A1992,  A2301,  A2358,  A2479)  had  brought  forth  a  measuring  system  for 

#  # 

the  determination  of  |i  and  e  for  dou^^ut-shaped  specimens.  This 
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system,  at  the  beginning  of  this  project,  was  still  handicapped  by  a  multi- 
valuedness  of  one  of  the  intermediate  parameters  (8)  used  in  calculating 
|i  and  e  . 

A  detailed  theoretical  and  physical  description  of  the  measure¬ 
ment  system  Is  contained  in  the  Laboratories'  Report  P-A2301-14^-A2358-8, 
(pp.  1-14) •  A  discussion  of  the  inherent  errors  of  the  system  amd  a 
derivation  of  the  equation  necesstury  for  programming  the  associated 
calculations  for  computer  is  presented  in  Report  P-A2301-20/P-A2479“2. 

The  accuracy  of  the  system  was  checked  by  conparlng  measured  parameters 
of  Nylon,  Teflon,  and  Polystyrene  with  published  values.  (See  Report 

P-A2301-25A-A2479-7) . 

Briefly,  the  system  Is  used  to  find  the  Input  impedemce  to  the 
sample  under  two  values  of  terminating  impedance  ;  from  this  data,  we 
can  derive  the  characteristic  Impedance  and  propagation  constant  of  the 
sasqple.  The  values  of  |i  and  e  are  calculated  from  these  last  parameters. 
Determination  of  the  input  impedances  of  the  specimen  is  indirect.  The 
quantities  that  are  actually  measured  are  the  location  of  the  minimum 
points  in  the  standing  wave  pattern  on-a  uniform  line  in  ^ich  the  sample 
is  mounted  and  also  the  ratio  of  maximum  to  minimum  voltage  of  the  standing 
wave  pattern  (VSWR) .  This  measurement  system  we  designate  as  the  Icxxg  line 
system. 

The  system  was  alsqj  limited  in  frequency  range.  Although  measure¬ 
ments  could  be  performed  over  the  500  Me  to  400  Me  range,  reasonable  accuracy 
could  be  obtained  only  in  the  vicinity  of  500  Me.  The  determination  of  the 
parameters  at  frequencies  below  500  Me  was  to  be  accomplished  by  a  General 
Radio  Immltance  Bridge  vhlch  directly  measures  input  inqpedance,  from  40  Me 
to  above  500  Me.  We  planned  to  use  the  S€une  system  of  calculation  of  |i  , 
e  from  the  input  ijq)edances  as  described  above  for  the  long  line  system. 

2.1.1  Unique  Determination  of  the  Phase  Constant 

As  previously  mentioned,  the  calculation  of  ^  and  e  from  the 
data  (ftom  either  measureoient  system)  was  not  unique  because  the  phase 
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constant,  was  multivalued.  A  con^jlete  description  of  how  this 
fflultivaduedness  arises  and  the  approaches  used  to  solve  the  problem 
are  given  in  our  Reports  P-A2301-a6^-A2479-8  and  P-A2301-37/t»-A2A79-9/ 
P-B1857-1. 

According  to  the  method  we  adopted,  we  solve  the  problem  by 
measuring  the  normally  required  data  for  the  |a  ,  e  ,  coii^uta;tlon  at  two 
frequencies  within  a  few  percent  of  each  other.  If  we  make  the  assun^tlon 
that  the  |i  ,  e  parameters  are  slowly  varying  functions  of  frequency  over 
this  interval,  we  can  then  determine  the  actual  value  of  8  by  confutation. 

The  assuBftion  of  slowly  varying  |a  ,  c  parameters  is  justified  by  oiu* 
previous  determinations  of  the  attenuation  constant  of  carbonyl  iron 

t 

doughnuts.  These  measirrements  were  performed  on  our  matched  attenuation 
determination  system  (not  the  system  we  are  discussing  here) .  Examples 
can  be  found  in  Report  P-A2479*‘13/P~B1857-5  ^ere  it  is  shown  that  most 
of  the  carbonyl  iron  saamles  have  a  curve  of  attenuation  versus  frequency 
having  the  form  o  *=  (2-2) 

Now  or  can  be  expressed  as 

O'  =  Re  {  -Jou  )  (2-3) 

Cooparison  of  this  equation  with  eqxiation  (2-2)  shows  that 
Re  {  -J  n  €  }  is  directly  proportional  to  ou  >diich  varies  less  than 
2$K  over  a  frequency  variation  of  With  the  phase  constemt  uniquely 
determined,  we  were  ready  for  actual  measurements.  Twenty  sanples  of 
varying  attenuation  were  sieasured  at  300  and  525  Nc.  The  results  are 
given  in  Table  2-1. 


-  5  - 


THE  FRANKLIN  INSTITUTE  •  Lib««art« /br  RoMd^  omI  DndoFn^ 


Table  2-1 


F-B1857 


PARAMETEPS  FOR  SAMPI^S  R-101  THRU  R-120,  AT  500  MC 


Reu 

Im 

Im 

RlOl 

128 

8.0 

-5.9 

109 

-13 

R103 

96.4 

7.2 

-7.4 

83 

U 

R104 

122 

8.1 

-5.3 

123 

-13 

R106 

323 

12.7 

-8.4 

321 

-102 

R107 

268 

11.4 

-7.6 

288 

-69 

R108 

221 

7.8 

6.4 

277 

-35 

R109 

304 

U.7 

-7.7 

301 

-100 

RllO 

284 

10.9 

-7.3 

3a 

-79 

Rill 

601 

16.7 

-12 

708 

-246 

R112 

510 

14.7 

-10.9 

697 

-17 

R113 

517 

7.3 

-8.2 

641 

-2U 

R114 

476 

U.4 

-10 

746 

-U5 

R115 

454 

14.7 

-9.5 

729 

-150 

R117 

576 

16.6 

-12.3 

1011 

-ui 

RU8 

731 

15.6 

-U.4 

lOU 

-240 

R119 

599 

U.3 

-11.3 

U13 

-2U 

R120 

528 

17.3 

-U.4 

1013 

—126 

2.1.2  Hie  Imnittance  Bridge  System 

The  General  Radio  Immittance  Bridge  1607A  was  used  to 
determine  sa^^}le  parameters  from  40  Me  to  400  Me.  The  sample  holder 
used  with  this  system  was  the  same  one  used  with  the  long  line  system. 
Ihe  largest  single  source  of  error  in  either  system  was  the  sanple 
holder.  This  holder  had  been  modified  at  least  six  times  before 
absolutely  repeatable  data  could  be  obtained.  Wishing  to  avoid  this 
kind  of  trouble  with  the  immittance  bridge  system^  we  continued  the 
use  of  the  long  line  san^e  holder. 

The  conputer  program  used  to  conpute  |i  and  e  from  the  long 
line  data  was  modified  to  accept  the  input  inpedance  data  obtained  from 
the  immittance  bridge. 

Since  the  long  line  system  had  been  checked  for  accuracy 
against  published  data,  we  compared  immittance  bridge  determinations 

-  6  - 


THE  FRANKLIN  INSTITUTE  •  Uberatorfet /br  RcMndt 


F-B1857 

of  parameters  at  300  Me  with  those  determined  by  the  long  line  system 
at  that  frequency. 

Table  2-2  shows  the  results. 

We  felt  that  the  agreement  was  close  enough  to  use  the  Inmlttanee 
bridge  to  determine  roughly  the  sample  parameters  over  the  range  of  40 
to  500  Me.  At  this  time  we  also  were  using  the  Immlttance  bridge  system 
as  our  only  method  of  determining  attenuation  below  150  Me.  Table  2-2 
shows  that  although  parameter  measurements  are  not  Identical  on  the  two 
systems,  the  attenuations  measured  In  db  are  within  a  few  percent  of 
each  other.  We  therefore  felt  that  the  immlttance  bridge  would  give 
accurate  attenuation  readings  over  the  40  Me  to  500  Me  band.  Tables 
2-3  to  2-14  show  the  parameters  of  12  samples  as  a  function  of  frequency. 
Figures  2-1,  and  2-2,  and  2-3  show  the  attenuation  of  the  same  samples 
as  a  function  of  frequency.  In  these  figures  the  X's  represent  data 
points  obtained  from  the  long  line  system  or  the  immlttance  bridge. 

The  circles  are  the  attenuations  as  determined  by  our  matched  attenuation 
determining  system.  This  system  lumps  losses  In  the  matching  systems 
with  losses  In  the  sanple  and  therefore  always  reads  high.  Note  also 
that  both  immlttance  bridge  and  long  line  system  measurements  vere  made 
at  500  and  525  Me.  The  close  grouping  of  the  X's  at  these  frequencies 
is  a  measure  of  system  agreement. 

A  combination  of  Figures  2-1  to  2-3  gives  Figure  2-4  which 
shows  the  uniformity  of  the  individual,  groups  of  samples.  Sample 
groups  (Figure  2-4)  1  and  2  were  made  from  different  carbonyl  Iron 
powders. 


THE  FRANKLIN  INSTITUTE 


Laboratories  /or  Research  and  Development 


a 


a 

3 

3 

% 

a 


o  o 

ii 

f? 

-31.0 

-41.0 

®-s 

+30.0 

-15.9 

3S 

TT 

OO 
•  • 

S! 

aa 

lAlA 

ii 

§1 

35 

55 

*  • 
•PT 

H  -» 

as 

TT* 

R3 

ii 

O  (A 

»  • 

as 

yrf 

«  • 

SR 

*  • 

TT 

-4  01 
*  * 

28 

^i 

ot- 

N 

to  H 

O^fH 

<4  9^ 

R8 

l»NO» 

o8 

ad 

aa 

ad 

ad 

aa 

o^to 

a  a 

a? 

O^C 

rvO' 

9>0 

H  0- 

RR 

ft  8 

NN 

lAlA 

•4  UN 

8ft 

33 

3ft 

53 

3S 

^r\ 

55 

?N«»N 

55 

15 

?? 

CO 

?? 

1  1 

37 

:-7. 

55 

1  1 

fi 

ft 

is 

55 

§1 

ii 

55 

55  51 

•  * 

N  -4 
•  • 

8R 

ii 

N  !*• 

•  • 

as 

TT* 

9*  *H 

as* 

77 

?T 

H  H 

•  » 

aa 

7  7 

-4  9^ 

*  • 

sa 

77 

»e\0 

•Ar\ 

'O  r4 

«.« 

O  9- 

o  r\ 

o  o 

5ia 

ai 

dd 

dd 

aa 

gV 

da 

da 

M  Q- 

^  ti 

to  9^ 

>o  t- 

o  o 

o  o 

CO  CO 

dd 

W  KN 
lA  lA 

Rft 

fAO^ 

SAIA 

Rsi 

R  !a 

ii 

da 

ss 

U 

Ss 

l§ 

fA«A 

u 

M  9^ 

oo 

^  H 

o  o 

H  H 

r4  iH 

o  o 

o  o 

O  O 

15 

§5 

55 

55 

55 

55 

55 

«« 

s 

ft 

a 

R 

3 

s 

i 

2 

«!; 

Jt 

A 

A 

2 

F-B1857 


8 


THE  FRANKLIN  INSTITUTE  •  LAamttiufmRmmdim4Dmdotmm 

F-B1857 


Table  2-3 

"PARAMETERS  FOR  SAMPLE  #5819" 


Freq. 
in  Me 

Re  U* 

Im  a* 

Re  e* 

In} 

Pe'’ 

^0 

525 

13.0  - 

9.U 

864 

- 

149 

6.57 

-  1.46 

500^^ 

13.8  - 

9.67 

833 

- 

154 

6.89 

-  1.49 

525 

12.0  - 

8.99 

890 

- 

112 

6.25 

-  1.65 

500 

12.2  - 

8  93 

9o2 

- 

110 

6.21 

-  1.61 

236 

17.4  - 

9.95 

931 

- 

86.1 

7.16 

-  1.54 

225 

17.9  - 

10.1 

931 

- 

94.7 

7.25 

-  1.53 

99 

24.2  - 

7.99 

1018 

- 

116 

7.85 

-  0.803 

95 

24.3  - 

7.45 

1031 

- 

112 

7.79 

-  0.739 

42 

26.5  - 

3.50 

1039 

135 

7.99 

-  0.008 

40 

27.0  - 

4.95 

1099 

167 

7.85 

-  0,U9 

Table  2-4 

"PARAMETERS  FOR  SAMPLE  #5820" 


Freq. 

In  Me 

if 

Im  g* 

R£Jii 

Im  c* 

ReZg  ImZ^ 

525'»^ 

11.8 

9.26 

883  - 

117 

6.27  -  1.70 

500* 

12.8 

- 

9.72 

848  - 

120 

6.64  -  1.72 

525 

10.0 

8.90 

946  - 

137 

5.85  -  1.61 

500 

11.0 

- 

8.85 

969  - 

114 

5.79  -  1.65 

236 

16.9 

10.9 

939  - 

43.1 

7.06  -  1.91 

225 

17.1 

- 

10.9 

955  - 

42.7 

7.03  -  1.88 

99 

24.2 

8.23 

1022  - 

99.1 

7.83  -  0.909 

95 

24.2 

- 

7.47 

1018  - 

85.6 

7.86  -  0.839 

42 

28.5 

3.81 

1077  - 

155 

8.13  +  0.044 

40 

26.7 

- 

2.42 

1095  - 

158 

7.78  +  0.209 

^Parameters  Detennlned  By  Long  Line  System 
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Table  2-5 

"PARAMETERS  FOR  SAMPLE  #5821" 


Freq. 
in  Me 

Rs_y* 

l&lt* 

RS_£* 

^0 

525* 

12.9  - 

8.64 

873  - 

U2 

6.48 

-  1.40 

500* 

13.9  - 

9.26 

856  - 

1U9 

6.78 

-  1.43 

525 

12.6  - 

8.52 

924  - 

133 

6.22 

-  1.42 

500 

12.3  - 

8.56 

937  - 

107 

6.12 

-  1.53 

236 

17.9  - 

10.0 

947  - 

92.1 

7.19 

-  1.51 

225 

18.2  - 

10.7 

950  - 

71.9 

7.25 

-  1.69 

99 

24.5  - 

8.05 

1043  - 

lU 

7.80 

-  0.812 

95 

24.6  - 

7.37 

1056  - 

97.8 

7.74 

-  0.771 

42 

28.8  - 

4.33 

1115  - 

158 

8.04 

-  0.0320 

40 

16.7  - 

2.30 

607  - 

82.9 

8.30 

-  0.00370 

Table  2-6 

"PARAMETERS  FOR  SAMPIE  #5822" 


Freq. 

In  Me 

fi£Jl* 

la  u* 

SSJEl 

«* 

525* 

11.6  - 

9.08 

869  - 

113 

6.25 

- 

1.70 

500* 

12.9  - 

10.5 

859  - 

96.5 

6.65 

- 

1.96 

525 

11.0  - 

8.91 

898  - 

89.2 

6.01 

- 

1.79 

500 

U.l  - 

8.93 

906  - 

93.3 

6.00 

- 

1.76 

236 

16.5  - 

10.7 

929  - 

42.8 

7.02 

- 

1.90 

225 

16.7  - 

11.3 

917  - 

37.1 

7.14 

- 

1.20 

99 

23.5  - 

7.21 

1003  - 

62.7 

7.77 

- 

0.916 

95 

23.2  - 

4.18 

1420  - 

532 

6.20 

+ 

0.560 

42 

26.3  - 

3.55 

1077  - 

123 

7.82 

- 

0.9774 

40 

27.6  - 

3.28 

1063  - 

155 

8.05 

+ 

0.109 

'iVarametere  Oetezvlned  Bjr  Long  Line  System 
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Table  2-7 


"PARAMETERS  FOR  SAMPLE  #5824" 

Freq. 

In  Me 

Se  Q* 

Im  u* 

Re  t* 

Ibl^ 

ImZn 

-Zfi 

525* 

14.3 

• 

10.2 

1290 

- 

202 

5.64 

- 1.33 

500* 

14.7 

- 

11.3 

12U 

- 

172 

5.87 

-  1.56 

525 

12.8 

• 

9.39 

1393 

- 

197 

5.16 

-  1.28 

500 

13.0 

- 

9.91 

1408 

- 

no 

5.17 

-  1.51 

236 

19.0 

12.7 

1368 

- 

99.9 

6.24 

-  1.64 

225 

19.5 

- 

12.4 

1373 

- 

99.5 

6.29 

-  1.54 

99 

29.0 

11.0 

1472 

*- 

136 

7.18 

-  0.979 

95 

29.5 

- 

10.2 

U76 

- 

158 

7.20 

-  0.828 

42 

34.4 

• 

5.02 

1521 

- 

210 

7.52 

-  0.0270 

40 

35.7 

— 

4.46 

1566 

230 

7.53 

-  0.0816 

Table  2-8 

1 

’PARAMETERS  FOR  SAMPLE 

#5825" 

Freq. 

In  Me 

Re  u* 

Im  u* 

Re  e* 

^0 

525* 

15.2 

— 

10.6 

1237 

223 

5.93 

-  1.29 

500* 

15.6 

- 

11.95 

1223 

- 

168 

6.10 

-  1.60 

525 

13.8 

• 

9.56 

1364 

* 

231 

5.38 

-  1.19 

500 

13.9 

- 

10.3 

1372 

n3 

5.39 

-  1.54 

236 

20.3 

• 

12.5 

1332 

i- 

147 

6.51 

-  1.46 

225 

20.7 

- 

12.4 

1339 

- 

U5 

6.54 

-  1.43 

99 

29.5 

9.95 

1485 

— 

205 

7.18 

-  0.673 

95 

29.8 

- 

9.78 

I486 

- 

197 

7.20 

-  0.667 

42 

36.8 

4.88 

U38 

272 

7.96 

+  0.221 

40 

35.5 

- 

5.33 

1601 

- 

234 

7.45 

-  0.0126 

^Parametere  Determined  By  Long  Line  System 
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•rtible  2-9 

'•PARAMETERS  FOR  SAMPLE  #5826" 


Freq. 
In  Me. 

525* 

500* 

525 

500 

236 

225 

99 

95 

42 

40 


Re  u* 

Im  u* 

Rs^ 

Im  e* 

14.4 

15.5 

-  11.0 
-  U.6 

1245 

i2n 

-  223 

-  164 

5.82 

6.09 

-  1.40 

-  1.58 

13.6 

13.6 

-  9.48 

-  10.3 

1360 

1373 

-  232 

-  141 

5.36 

5.36 

-  1.19 

-  1.51 

20.3 

20.7 

-  12.5 

-  12.3 

1327 

1341 

-  150 

-  150 

6.53 

6.53 

-  1.45 

-  1.45 

28.1 

28.9 

-  10.7 

-  10.1 

1540 

1558 

-  65.6 

-  102 

6.89 

6.94 

-  1.11 
-  0.950 

36.6 

35.1 

-  4.94 

-  3.70 

1528 

1594 

-  220 
-  239 

7.73 

7.39 

+  0.0361 
-  0.163 

Table  2-10 

"PARAMETERS  FOR  SAMPLE  #5827” 


Freq. 

Me 

Re  u* 

IjUj^ 

R?  t* 

Im  f» 

525* 

500* 

13.1 

14.8 

-  12.0 
-  U.4 

1263  - 

12a  - 

.  468 
.  190 

5.64 

5.92 

1.14 
-  1.52 

525 

500 

13.3 

13.4 

-  9.65 

-  10.3 

1386  - 
1400  - 

■  204 
•  121 

5.26 

5.26 

-  1.29 

-  1.54 

236 

225 

19.6 

19.5 

-  12.5 

-  12.2 

1352  - 
1377  ■ 

.  U5 
-  120 

6.36 

6.28 

-  1.56 

-  1.50 

99 

95 

28.9 

79.4 

-  10.6 
-  10.3 

U24  ■ 
1490  ■ 

-  133 

-  137 

7.15 

7.17 

-  0.948 

-  0.885 

t 

42 

40 

35.2 

35.3 

-  5.89 

-  4.18 

1527  ■ 
1570  ■ 

-  192 

-  219 

7.62 

7.48 

-  0.153 

-  0.0788 

^Parameters  Detexmlned  Bijr  I«ng  line  Sjreteni 
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Table  2-U 

"PARAMETERS  FOR  SAMPLE  #5799" 


Freq. 


iojis 

Rs_u2t 

Im  u* 

Im  e* 

ImZ. 

0 

236 

16.0  - 

17.4 

3967  - 

470 

3.61 

-  1.34 

225 

15.8  - 

I8.3 

4027  - 

565 

3.61 

-  1.36 

157 

21.6  - 

20.2 

4182  - 

427 

4.27 

-  1.33 

150 

21.90  - 

20.1 

4154  - 

506 

4.01 

-  1.29 

73 

36.0  - 

20.2 

4222  - 

276 

4.81 

-  1.09 

70 

36.7  - 

21.6 

4202  - 

129 

3.97 

-  1.27 

42 

130.0  - 

0.22 

11080  - 

1801 

5.37 

+  0.429 

40 

136.0  + 

34.2 

12050  - 

lau 

5.26 

+  0.460 

Table  2-12 

"PARAMETBiS  FOR  SAMPIE  #5800" 

Freq. 

kL..Ms, 

Ba.,uf 

Im  u* 

Iff  y* 

236 

16.6  - 

17.8 

4472  - 

551 

3.45 

-  1.25 

225 

15.8  - 

19.3 

4471  - 

549 

3.45 

-  1.38 

157 

21.7  - 

20.8 

4446  - 

448 

3.88 

-  1.33 

150 

22.1  - 

20.2 

4457  - 

350 

3.87 

-  1.37 

73 

36.0  - 

21.0 

4365  - 

237 

4.75 

-  1.14 

70 

37.2  - 

21.5 

4396  - 

151 

4.79 

-  1.20 

42 

128  + 

1.47 

IIO65  - 

1930 

5.32 

+  0.491 

40 

138  + 

1.80 

U691  - 

1865 

5.38 

+  0.461 

^^Paramatere  Detenalnad  Qjr  Long  Sjjretem 
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Table  2-13 

"PARAMETERS  FOR  SAMPI£  #5S01" 


Freq. 
in  Me 

Re  u*  Im  u* 

Re  JiuSS- 

Re^  Im^ 

236 

225 

20.5  -  19.0 
20.4  -  20.2 

4005  -  422 

3960  -  407 

3.95  -  1.31 
4.00  -  1.41 

157 

150 

26.5  -  21.7 
27.3  -  20.9 

a77  -  500 

4026  -  558 

4. '^3  -  1.26 
4.45  -  1.17 

73 

70 

38.6  -  14.2 
40.3  -  15.2 

4588  -  881 

4570  -  872 

4.67  -  0.383 
4.79  -  0.416 

42 

40 

n9  -  1.20 

127  +  0.662 

11873  -  I860 

12713  -  1840 

4.96  +  0.361 

4.97  +  0.371 

Table  2-14 

"PARAMETERS  FOR  SAMPLE  #5802" 

Freq. 

Re  u*  In  u* 

Re  I;.', 

RaZ^  Iml^ 

236 

225 

16.0  -  18.9 
17.8  -  20.3 

3959  -  599 

4058  -  576 

3.68  -  1.38 
3.81  -  i.a 

157 

150 

23.5  -  21.7 
22.8  -  19.9 

4274  -  663 

4195  -  742 

4.11  -  1.25 
4.06  -  1.12 

73 

70 

35.8  -  20.0 
38.6  -  20.3 

4403  -  356 

4261  -  435 

4.70  -  1.02 
4.96  -  0.962 

42 

40 

130  -  0.335 
137  -  1.97 

11272  -  1794 
12106  -  1982 

5.32  +0.414 
5.26  +  0.466 

uparan 

etara  Detenalned  Rjr  Long 

Line  Spoteni 
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F/e.  2-3.  ATTENUATION  VE/TSUS  FfteOueMCY 


(  ) 
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ne.  i-4.  su)f€  uses  fOR  sems  tors 


2.2  Protective  Systems 

Contributors  s  Norman  P.  Faunce  and  Ernst  R.  Schneck 
2.2.1  Dissipative  Filters 

Classical  electrical  filters  are  quite  satisfactory  for  ap¬ 
plications  involving  the  rejection  of  undesirable  frequencies  in  which 
the  filters'  input  and  output  conditions  are  clearly  specified  and 
invariant.  There  are  limitations  when  the  filters'  terminations  (input 
and  output)  are  undesignated.  In  certain  cases  the  network  at  the 
filters'  input  may  effect  a  match  with  the  output  terminations,  thereby 
reducing  the  insertion  loss  to  a  very  small  value,  if  not  to  zero. 
Dissipative  filters,  on  the  other  hand,  are  not  so  easily  negated. 
Because  they  include  dissipative  elements,  their  insertion  loss  can 
be  made  to  be  relatively  high  even  with  input  and  output  conditions 
adjusted  for  least  loss. 
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In  an  effort  to  obtain  30  db  attenuation  (dissipative  power 
loss)  of  RF  energy  In  the  frequency  range  of  20  Kc  to  10  Me,  we  attempted 
the  design  of  a  dissipative  filter.  To  find  what  conditions  In  a  network 
branch  give  the  greatest  power  dissipation,  we  first  studied  elementary 
circuits  that  night  form  a  more  complex  network  which  would  meet  design 
specifications. 

A  low  pass  filter  Is  suggested  by  the  response  desired,  passage 
of  dc  and  low  frequencies  essentially  unaJ.tered,  considerable  dissipation 
of  energy  at  20  Kc  or  hl^er.  The  frequency-impedance  characteristics  of 
Inductances  and  capacitances  Indicate  that  they  may  be  used  respectively 
as  series  and  shunt  elements  In  a  low  pass  filter  design.  These  elements 
trill  effect  an  Insertion  loss  tdilch  will  Increase  with  frequency,  but  as 
tie  will  demonstrate,  they  will  not  contribute  to  dissipative  power  loss. 

Consider  the  circuits  shown  In  Figure  2-5.  View  (a)  shows  an 
Inductance,  L,  In  series  with  a  reelatlve  load,  R,  and  view  (b)  shows  a 
capacitance,  C ,  shunting  the  load.  For  our  analysis  let  us  define  an 
apparent  attenuation  (or)  as: 

or  -  10  logj^Q  ^ 

where  represents  the  power  absorbed  by  the  total  network  and 
represents  that  part  of  the  power  absorbed  solely  by  the  load. 

In  the  case  of  series  RL  circuit  the  apparent  input  power 

(fi>. 

(R  +  JuuL) 

and  the  power  absorbed  by  the  network  will  be  the  real  part  of  this,  or 
Pjj  -  Re  ^P^  -  Be  ^I^  (R  +  juiL)^  -  I^ 
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faj  (b) 

na.  t-5.  L0SSL£SS  MmTm  NeTwomrs  (type  z) 


The  power  absorbed  by  the  load,  however,  is  also  equal  to  I^,  hence 
the  apparrent  attenuation  is: 


a 


I^R 


0 


(2-6) 


Similarly,  for  the  shunt  RC  circuit  we  find  by  a  similar 
analysis  that  o  is  again  zero. 

We  consider  now  the  addition  of  a  resistance  to  the  network 
in  an  attempt  to  make  them  lossy.  Let  us  consider  the  addition  series- 
wise,  as  shown  in  Figure  2-6. 

Adding  a  loss  resistance  (r)  to  the  series  Inductor  would 
Increase  the  apparent  attenuation  to  10  log(l+f),  but  the  increased 
loss  is  also  obtained  for  dc  input. 


A  series  branch  containing  a  resistor  and  a  capacitor  shunting 
the  load  shows  more  promise  for  providing  a  reasonably  lossy  branch 
circuit.  The  apparent  attenuation  derived  for  the  network  shown  in 
view  (b)  of  Figure  2-6  is  given  by 


a 


10  log^o 


1  + 


(2-7) 
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/w.  ^-s.  LOSSY  pmtmve  NETWomcs  (type  jt) 

Kudidiing  this  socprasslon  with  respect  to  r  yields , 

-  10  logj^  ^1  +  ^  j  ,  Mihm  r  *  l/iuC.  (2-8) 

To  determine  how  slgnlfiesnt  this  lossy  shunt  branch  might  be 
to  a  dissipative  filter  design,  we  studied  it  as  a  protective  shunt  for 
a  relatively  sensitive  ^  whose  bridge  resistance  is  2  ohms.  We  arbi¬ 
trarily  designed  for  30  db  at  100  Kc.  From  the  equation  Just  given,  we 
get  C  1700  pf,  and  r  «  0.001  ohm.  Having  fixed  the  component  values 
in  this  manner,  we  detenRined  the  data  of  Table  2-13. 


Table  2^15 

RESPONSE  OF  RC  NETWORK  SHUNTINO  A  EED 


f 

iSsl 

o' 

(db) 

10 

19.76 

12.9 

20 

76.78 

18.9 

100 

lOOO. 

30.0 

1000 

1981. 

32.9 

Since  the  loss  below  20  Ke  leaves  much  to  be  desired,  another 
lossy  netwozic  might  be  addsd  to  alter  the  response.  Hence,  we  examined 
the  network  shown  in  Mfure  2-7. 
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The  apparent  attenuation  of  this  aseembljr  is 


(2-9) 


If  suitable  values  are  chosen  for  the  parameters  in  this  eiqsression, 
it  can  be  made  to  peak  at  or  near 
20  Kc,  or  at  any  other  chosen  fre¬ 
quency.  For  a  particular  choice  of 
parameter  values,  a  very  narrow 
band  resonance  response  was  obtained. 

It  is  apparent,  however,  that  combi¬ 
nations  of  the  two  previously 
discussed  networks  could  be  analyzed. 

Because  of  their  complexity,  however,., 
it  would  require  undue  effort  to  study  the  many  possible  siJiq)le  combi¬ 
nations;  we  therefore  continued  our  studies  with  an  analog  computer, 
first  investigating  the  simple  network  on  Figure  2-8. 


L 


muCTMiCC 
mm  Los$r  smwr 


FI6.2-0.  LOSSY  NETWOHK  COMFIGUMTION 
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The  terminated  power  lose  ratio  (TFLR)  for  variations  of  this 
network  has  been  evaluated  over  a  bx^ad  range  of  frequencies.  For  this 
network.  If  all  values  of  resistance  are  made  equal  the  network 

will  exhibit  a  constant  Impedance  Independent  of  excitation  frequency. 

Data  has  been  obtained  for  this  special  configuration  both  as  a  single 
loop  and  as  a  double  loop  network  (l.e.,  n*l&2)  .  Other  data  were 
collected  to  show  the  slgolflcaxtce  of  the  relative  magnitude  of  the  four 
parameters  In  the  single  leop  on  the  frequency  dependent  loss  character- 
letle. 

A  network  which  will  present  a  constauct  Impedance  to  an  energy 
sovirce  Independent  of  the  excitation  frequency  Is  of  Interest  for  many 
reasons.  For  eocample,  the  design  of  an  energy  source  Is  simplified  If 
It  Is  to  work  Into  a  constant  load.  For  our  Immediate  purpose  this 
special  network  enables  an  othezwlse  complex  mathematical  eoqpreeslon 
for  TPUl  to  be  reduced  to 

TPLR  -  (l  +  (2-10) 

>diere  N  "  number  of  ICops  and  uu  ■  Znf.  The  developaent  of 

this  expression  was  presented  in  Appendix  A  of  Report  PrB1857**7  and  It 
Is  to  a  degree  verified  by  the  data  plotted  In  Figure  2-9. 

Networks  of  1,  2.5,  and  5.0  ohms  constant  ljiq>edance  were 
evaluated  in  single  loop  and  double  loop  configuration  to  obtain  the 
data  of  the  figure.  It  may  be  noted  that  beyond  a  frequency  of  100  kc 
the  curves  are  all  substantially  linear  with  slopes  of  20  db/decade  and 
40  db/decade  for  the  single  and  double  loop  cases  respectively.  Adding 
a  third  loop  should  increase  the  slope  to  60  db/decade,  and  a  fourth 
should  raise  It  to  80  db/decade. 


*  It  is  assumed  that  ^  ^  "  ^2  “  ^n 
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fK.  £-9.  TPLH  ffOX?  THtrCE  CONSTANT  IMPCOANCe  NETWORKS 
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A  further  look  at  these  data  indicates  that  the  double-loop 
one-ohm  network  will  provide  20  db  of  dissipative  power  loss  at  20  kc 
and  that  this  is  Increased  to  30  db  or  greater  at  35  kc.  This  same  tjrpe 
network,  but  single  loop,  would  provide  only  10  db  at  20  kc  and  does  not 
begin  to  reach  30  db  vintll  a  frequency  of  200  kc. 

Increasing  the  lnq>edance  of  the  network  does  little  more  than 
to  shift  the  response  cvirve  toward  the  higher  frequencies.  To  obtain 
loss  on  the  order  of  20-30  db  at  20  kc  for  a  2.5  or  5  ohm  system  would 
require  many  loops.  The  obvious  conclusion  to  be  drawn  from  these  data 
is  that  we  should  work  with  the  smallest  load  possible  and  increase  the 
number  of  loops  until  limited  by  space  consldaratlans  or  excessive  low 
frequency  loss. 

If  the  ijqsedance  of  the  network  arrangement  shown  in  Figure 
2-3  is  to  be  Independent  of  frequency,  a  specific  relationship  must  be 
maintained  for  the  component  values.  It  nay  be  expected  that  fixing 
the  relative  values  in  this  mwiner  will  similarly  fix  the  frequency- 
dependent  lose  characteristic.  However,  allowing  the  parameters  to  take 
on  other  than  these  ordered  values  should  nake  some  change  in  the  net¬ 
work  loss  response.  To  investigate  this  proposition  we  oomfuted  the 
TPIil  for  the  single  loop  network,  varying  each  parameter  in  turn  over  a 
limited  range.  Results  are  given  in  Figure  2-10  through  2-12. 

Above  a  frequency  of  100  kc  all  curves  appear  to  be  linear  with 
a  slope  of  20  db/decade,  the  same  as  obtained  for  the  constant  impedance 
networks.  Likewise  each  plot,  because  of  the  structure  of  the  network, 
approaches  the  asymptote  TPIk  >  1  as  frequency  decreases  (for  d.c., 

TPI£  "  1).  The  change  in  slope  referred  to  in  the  following  discussion 
is  the  change  as  we  approach  this  asysqitote  from  the  higher  frequencies 
starting  at  approximately  100  kc. 
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Figure  2-10  shows  the  shift  in  response  brought  about  by 
allowing  the  coiq>onent  values  to  vary  in  pairs,  while  maintaining  equality 
of  the  magnitude  of  the  paired  components.  was  paired  with  R^  and 
with  C^.  The  results  show  that  an  Increase  in  the  value  of  resistance 
components  brings  about  a  decrease  in  dissipative  loss.  Or  said  another 
way,  this  change  in  parameter  values  shifts  to  higher  frequency  the  point 
at  which  a  specific  loss  is  obtained.  These  same  statements  may  be  made 
for  cooqjarable  changes  in  the  values  of  reactive  cooqponents,  except  that 
Increased  loss  is  associated  with  increased  parameter  vadues.  In  either 
case,  a  sevenfold  change  in  parameter  value  produces  a  frequency  shift 
of  about  one  decade. 

It  is  of  interest  to  determine  how  the  network  loss  is  modified 
by  changing  the  resistance  values  independently.  Of  special  interest  is 
the  change  brou^^t  about  by  changes  in  R^,  since  this  will  indicate  the 
range  of  resistance  values  of  actual  EBD's  that  might  be  protected  by 
one  network  design.  As  shown  in  Figure  2-11,  for  hij^er  frequencies  the 
rwpona.  1.  nearlr  th,  eane  regardl...  of  »heth.r  or  i>  chmgod. 

A  more  significant  change  occurs  at  lower  frequencies.  With 
an  increase  in  R^,  as  we  trace  the  curve  from  hl^  to  low  frequency, 
the  curve  begins  to  flatten  out  sooner,  so  that  intersection  with  the 
curve  of  lower  R^  is  observed  at  a  proportionately  hl^er  frequency. 

As  we  Increase  R^,  therefore,  we  increase  the  losses  of  the  system  at 
low  frequency  that  is,  to  normal  firing  pulses.  On  the  other  hand,  in¬ 
creasing  R^  does  not  produce  this  undesirable  result;  a  decrease  in 
loss  comparable  to  that  obtained  at  hl^er  frequencies  is  also  obtained 
at  the  lower  frequencies. 

Finally,  we  investigated  the  change  in  response  brought  about 
by  changing  the  Inductance  and  capacltwce  independently.  These  results, 
given  in  Figure  2-12,  show  one  very  interesting  result,  that  changes  in 
the  value  of  capacitance  have  very  little  effect  on  the  characteristic 
system  loss.  To  pursue  this  study  further,  we  intended  to  determine  the 


« 
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effect  of  reducing  capacitance  to  zero.  !Ihe  figure  shows  us  that 
changing  the  value  of  the  Inductance,  however,  does  give  a  reasonable 
change  in  the  loss  characteristic,  greater  loss  being  associated  with 
higher  values  of  inductance. 

Upon  digesting  the  results  just  presented  one  might  hasten  to 
conclude  that  a  double  loop,  one-ohm  network  should  provide  a  very 
desirable  package  for  a  one-ohm  EED  system.  On  the  basis  of  the  theoretical 
considerations  underlying  this  study  this  is  a  reasonable  conjecture. 
However,  the  results  also  show  that  one  might  profitably  alter  the  system 
response  by  imposing  variations  in  rasistance  (other  than  the  load),  and 
in  inductance,  (^dille  adjusting  capacitance  to  any  convenient  value 
perhaps  equal  to  zero). 

2.2.2  Electroluminescence 

The  property  of  interest,  common  to  the  ferrites  and  carbonyl 
powders,  and  to  dissipative  elements,  is  their  ability  to  convert  the  energy 
of  an  electromagnetic  field  into  another  form  of  energy  —  to  be  specific, 
heat  — -  tdiich  can  be  prevented  from  entering  and  exciting  the  critical 
portion  of  the  electroexplosive  device  being  protected.  Another  conversion 
with  equivalent  effect  is  afforded  by  electroluminescent  substances,  the 
output  being  light.  It  was,  of  course,  within  the  scope  of  this  project 
to  investigate  the  potential  benefits  of  such  material. 

Because  zinc  sulfide  (ZnS)  is  the  most  common  electroluminescent 
phosphor,  our  investigation  began  with  this  material.  Phosphors  generally 
require  activators  or  substances  >diich  when  included  in  the  crystals  in 
small  quantities  stimulate  luminescence.  Copper  is  the  usual  activator 
for  the  zinc  sulfide  crystal,  and  is  usually  present  in  concentrations  of 
roughly  O.OljS.  Various  cos^jounds  may  carry  the  copper  as  CuS,  CuCl^,  etc. 
Corresponding  to  activators,  certain  substwces  supress  luminescence,  and 
are  called  "poisons".  Since  nickel  is  known  to  be  tuch  a  poison  to  zinc 
sulfide,  the  phosphor  must  be  kept  strictly  free  of  this  element. 
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Ihere  are  other  factors  vrtilch  influence  the  efficiency  of  the 
electrolmnlnescent  process,  such  as  temperature,  crystaQllne  properties 
and  grain  size.  Grain  size  is  known  to  be  related  to  the  amount  of 
energy  which  i^osphor  crystal  may  absorb.  Larger  grains  absorb  more 
energy  and  should  exhibit  more  efficient  luminescence. 

KLectroluffllnescence  is  stimulated  by  time-varying  electric 
fields  Is^ressed  across  the  phosphor.  Waveform  and  sui^lltude  of  the 
signal  are  major  factors  determining  characteristics  of  the  luminescence. 

A  commonly  mentioned  relation  between  luminescent  brightness  (6)  and 
signal  voltage  (V)  is  B  =  ae”'^  ,  vdiere  the  factors  a  and  b  depend  upon 
frequency,  teoperature,  and  type  of  fdiosphor  among  others.  Certain 
materials,  such  as  BaTlO^  and  ZnO  tdien  Included  in  the  phosphor  prepara¬ 
tion,  increase  the  resultant  effective  dielectric  constant.  Ihese 
materials  produce  a  striking  non-linear  voltage  dependence  of  brightness 
of  the  form  B  »  fCV*^),  vdiere  n  may  range  from  1.5  to  approximately  9. 

■Hie  latter  relation  has  been  observed  for  ZnO  in  ZnS  :  Cu  phosphors,  and 
may  be  chiefly  attributed  to  dielectric  loading,  although  ZnO  does  eochiblt 
some  electroluminescence,  also. 

When  the  electromagnetic  field  applied  to  an  EL  phosphor  varies, 
light  is  usually  emitted.  If  the  frequency  of  variation  increases,  the 
brightness  per  cycle  will  be  reduced,  since  the  time  available  for  carrier 
diffusion  is  shortened.  However,  a  higher  signal  frequency  results  in  an 
increased  number  of  light  pulses  emitted  per  unit  time.  Ibese  two  opposing 
effects  result  in  a  non-linear  relation  between  brightness  and  frequency. 
This  response  esdiiblts  a  rise  in  brightness  to  a  value  in  the 

kilocycle  frequency  region,  and  a  subsequent  dec£^  for. higher  frequencies. 
CommotUy,  this  may  be  demonstrated  by  the  mAyiimim  brightness  exhibited 
by  EL  panels  for  a  specific  frequency. 

Electroluminescent  devices,  such  as  EL  panels,  have  complex 
impedances,  varying  with  both  frequency  and  voltage^  Because  of  the 
difficulty  of  e3q>resslon  the  impedance  in  a  suitable  algebraic  fom, 
circuits  comprising  such  components,  are  not  easily  analyzed. 
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In  an  attempt  to  measure  the  power  absolution  of  a  commercially 
available  ZnS:Cu  phosphor  we  formed  the  powder  Into  our  standard  dou^^ut 
configuration.  The  first  saoqple  had  little  mechanical  strength  and  crum¬ 
bled;  we  therefore  made  a  second,  with  a  metal  band  surrounding  it.  VIhen 
measured  In  the  coaxial  system,  we  observed  no  power  absorption.  A  sample 
formed  by  a  mixture  of  Iron  powder  and  ZnS:Cu  showed  some  power  absorption, 
but  this  was  thought  to  be  due  to  the  Iron  present. 

Ihe  most  frequent  experimental  arrangement  enqploys  idiosphor  as 
a  dielectric  In  a  capacitor,  the  ZnS:Cu  being  sandwiched  between  electrodes. 
Hence,  seeking  to  employ  this  method,  we  mixed  the  EL  phosphor  with  an 
epoxy  adhesive,  and  formed  a  capacitor  with  a  dielectric  layer  0.02  Inch 
thick,  nils  device  had  a  c£^cltance  of  208  pf  at  1  kc  and  a  dissipation 
factor  of  0.11.  Vfo  concluded  that  It  was  not  an  efficient  power  absorbing 
system. 

Several  factors  were  thou^t  to  impair  the  power  absorption 
measured  with  the  commercial  ZnS:Cu  phos^bor.  Ihey  were  moisture 
absorption  by  the  phosphor,  small  grain  size  of  phosphor  used  (3.5  microns), 
low  activator  concentration  (1:3000)  and  low  voltage  gradient  impressed 
upon  the  phosphor  particles. 

So  that  we  might  obtain  significant  power  absorption,  we 
endeavored  to  produce  in  our  own  laboratories,  a  ZnS:Cu  phosphor  with 
ZnO  dielectric  to  induce  luminescent  activity  within  a  crystal;  our 
production  of  the  material  would  allow  us  to  control  activator  concentra¬ 
tion  and  pcublcle  size.  Manufacture  of  this  material  suffered  delays  due 
to  repeated  br*eakage  of  the  special  glass  equipment  required  for  firing. 

2.2.3  Photoresistive  -  Electroluminescent  Devices 

At  the  beginning  of  these  studies  of  electroluminescent  phenomena 
we  had  suggested  the  use  of  electroluminescent  photo-conductlvlty  (EL-PC)  in 
a  radio  frequency  protective  system.  Our  attention  was  agsin  drawn  to  the 
possibilities  existing  in  this  area  by  their  Increasingly  wide  usage  in 
electronic  applications. 
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When  photoresistore  are.  expoeed  to  light,  their  reeistance 
changee.  The  light  could  conceivably  be  supplied  by  an  EL  jdioephor. 

These  ideas  suggest  a  protective  network  in  which  the  resistive  oos^nnents 
are  photoresistors,  and  the  excitation  is  derived  from  electroluminescent 
elements  used  as  capacitors  in  the  network.  The  response  of  photoresistors 
changes  with  the  intensity  of  the  incident  light  and  with  different  wave¬ 
lengths.  Effects  of  frequency  variation  and  high  energy  pulses  upon 
photoresistors  are  not  yet  well  defined.  The  luminescence  of  EL  phosphors, 
as  noted  previously,  responds  accordingly  to  various  amplitudes,  waveforms 
and  frequency  of  the  applied  excitation...  Consequently,  the  electrical  and 
optical  non-linear  characteristics  of  EL-PC  devices  might  be  suitably  com¬ 
bined  to  iJivart  to  a  circuit  specific  frequency  discrijmninating  character¬ 
istics. 

Photoresistors,  EL  panels  suid  PC  switches  (photoresistor  with 
light  source  in  a  single  unit)  are  conmercially  available.  Information 
regarding  the  characteristics  of  primary  interest  to  us,  however,  is  not 
readily  available.  For  this  reason,  we  obtained  several  devices  and 
examined  them  in  laboratory  tests.  Results  indicate  thqy  have  low  power 
handling  capabilities  and  eoddbit  capacitance  coupling  in  the  megacycle 
frequency  range. 

In  an  experiment  with  separate  EL  and  PC  elements,  we  placed  a 
red  EL  panel  face-to-face  with  a  PC  element.  The  usual  PC  elements  cure 
most  sensitive  to  wavelengths  in  the  red  region,  hence,  the  choice  of 
a  red  EL  panel.  Various  sinusoidal  signal  frequencies  were  supplied 
the  EL  panel  and  the  corresponding  PC  resistances  noted.  Minimal  resist¬ 
ances  were  noted  in  specific  frequency  ranges  for  the  various  signal 
voltages  applied.  Such  a  result  is  to  be  expected  since  the  PC  resistance 
depends  upon  the  Integrated  luminescence  of  the  EL  panel. 

Noting  that  our  previous  experiment  resulted  in  a  minimum 
resistance  of  13  kllohms  for  the  PC  element,  we  sovight  a  means  of 
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obtaining  a  lower  raeletance,  since  this  value  ie  far  too  hi|^  for  any 
use  we  might  consider. 

Obtaining  new  elements «  which  promised  superior  results,  and  re¬ 
examining  them  in  a  similar  fashion  we  obtained  data  which  appeared  hopeful. 
Various  EL  panels  and  PC  elesMnts  were  examined  for  individual  variations. 
The  major  indications  of  the  experiment  were: 

(1)  The  photoresistors  tested  vary  in  response;  a  plot  of  the 
group's  characterlstios  (Figure  2-13)  form  a  family  of 
curves. 

(2)  Their  was  notable  success  in  reaching  a  lower  minimum 
resistance;  the  minimum  obtained  was  less  than  250  ohms 

for  100  volt  rms  signal,  as  compared  to  13  kilohms  previously. 

(3)  The  ^ll^n^ll■lnl  reslstaiwes  obtained,  if  any,  generally  correspond 
to  higher  frequency  ranges  than  in  earlier  experiments.  Prev¬ 
iously  obtained  mininmns  corresponded  to  frequencies  below  10 
kc,  vrtiile  those  newly  obtained  correspond  to  frequencies  above 
10  kc;  no  clear  explanation  of  this  is  presently  available. 

We  note  that  in  coB9>arlson  to  the  previous  experiment,  a  lower 
PC  "on"  resistance  was  obtained.  While  some  improvement  was  thereby 
noted,  we  require  a  still  lower  value  for  practical  application.  Later 
examinations  of  the  signal  source  with  an  oscilloscope  indicated  that 
the  probable  rms  voltage  across  the  EL  panels  was  on  the  order  of  30 
volts,  and  not  100  as  indicated. 

Various  areas  are  open  whereby  we  might  ijiqarove  the  level  of 
response  obtained,  so  as  to  make  it  acceptable  for  application.  The 
first  obvious  step  would  be  to  increase  the  signal  voltage;  this  would 
require  a  signal  source  able  to  supply  the  low  impedance  panels  i^h 
stimuli  of  up  to  I50  volts  rms  at  frequencies  in  the  kilocycle  raiige. 

Next  one  might  place  several  PC  elements  upon  the  EL  panel  (10  or  more 
may  fit  in  our  case).  This  would  give  sufficient  power  handling 
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capabilities,  approximately  5  vtatts,  and  a  lower  resistance  when  the 
elwents  are  electrically  In  parallel.  Hence,  by  this  method  we  may 
Improve  the  formerly  Inefficient  arrangement. 

In  our  case,  before  we  could  proceed,  we  require  a  transformer 
to  match  signal  source  and  EL  panel.  Due  to  the  anomalous  Impedance 
characteristics  of  the  EL  elements,  variation  with  respect  to  voltage 
and  frequency  must  be  determined  before  a  transformer  may  be  described. 

2.2.4  Conclusions  and  Recommendations 

Results  from  EL  phosphor  studies  are  relatively  scant  because 
of  equipment  problems.  However,  the  small  quantities  of  data  from  these 
studies  Indicate  correspondingly  that  this  materl^Q.  ml^t  have  limited 
application  to  RF  hazard  protective  systems.  It  would  seem  advisable, 
therefore,  to  cease  for  the  time  being,  further  effoirb  along  these 
lines;  we  would,  however,  be  alert  for  promising  future  developments 
In  this  field.  Because  of  the  attractiveness  of  this  means  for  pro¬ 
ducing  light.  It  Is  obvious  that  many  new  and  Improved  materials  will 
emerge  from  the  research  laboratories.  As  these  appear  on  the  market, 
so  will  Inproved  means  for  their  characterization  be  developed. 

Peiiiaps  within  the  neoct  two  to  five  years.  It  may  become  profitable  to 
re-enter  this  area  of  study;  for  the  present.  It  does  not  hold  any  great 
promise. 

On  the  other  hand.  It  would  appear  that  further  work  with  EL-PC 
circuitry  may  be  warranted.  Results  obtained  In  our  studies  Indicate 
that  a  relatively  desirable  non-llnear  response  Is  possible  with  one 
arrangement  of  these  two  elements.  Since  EL-PC  circuits  are  used  In 
many  control  operations  It  would  seem  that  additional  study  should 
reveal  one  or  two  Interesting  ^sterns  for  use  as  an  RF  protective  device. 
Since  these  coiif)onents  are  cosnerclally  available  In  nmny  sizes  cuid  forms, 
and  with  varying  response  characteristics,  a  nuinber  of  unusual  circuit 
arrangements  may  be  examined.  It  would  be  advantageous  to  at  least 
consider  their  use  In  some  form  of  armlng-^Tpe  protective  systems,  for 
eKang)le,  one  In  which  the  £L<^C  circuit  Is  first  energized,  followed 
by  the  firing  pulse. 
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In  the  realm  of  dieeipatlve  networks  a  nvunber  of  interesting 
schemes  seem  possible.  Networks  with  input  ijt^edance  either  dependent 
or  independent  of  frequency  can  be  developed,  in  theory,  to  provide 
high  loss.  The  practicability  of  resulting  network  designs  is  still 
questionable;  that  is,  though  we  nay  specify  the  magnitude  of  inductances, 
capacitances  and  resistances,  thqy  may  be  Ij^josslble  to  develop  in  the 
real  physical  sense. 

With  opportunity  to  use  a  large  scale  computer,  it  is  a 
relatively  simple  matter  to  examine  the  response  of  a  number  of  rel¬ 
atively  complex  networks.  A  further  step  can  be  taken;  we  can  examine 
the  peak  voltages  and  currents  throughout  the  system  and  with  those 
data,  completely  specify  the  components  required  to  produce  the  indi¬ 
cated  response.  Moreover,  the  analog  approach  can  be  extended  to 
anal3rses  of  EL-FC  circuits  and  shielded  transformer  design.  Continuation 
of  this  phase  of  study,  enlarged  to  include  the  latter,  is  strongly  recom¬ 
mended. 


2.3  Bvaluatlon  of  Ferrites  and  Other  Core-Type  Materials 
Contributor:  Daniel  J.  Mullen,  Jr. 

One  phase  of  this  project  has  been  especially  concerned  with 
evaluation  of  materials  other  than  carbonyl  iron  which  can  be  used  as 
attenuators  of  RF  energy.  Our  success  with  carbonyl  iron  resulted  in 
a  valuable  contribution  to  the  protection  of  ordnance  devices  from  the 
hazard  of  electromagnetic  radiation.  It  is  limited  in  its  effectiveness, 
however,  to  frequencies  of  100  Me  and  up.  Our  experience  has  indicated 
that  It  is  possible  to  obtain  interesting  values  of  attenuation  at 
frequencies  of  10  Me  -  100  )fc  by  the  use  of  a  class  of  materials  called 
ferrites.  We  have  already  had  some  experience  with  these  materials 
having  had  them  under  consideration  long  befoire  we  were  able  to  develop 
a  desirable  carbonyl  iron  formulation.  Because  our  first  attempt  to 
measure  ferrites  indicated  no  consistent  noteworthy  attenuation  at  500 
Me,  at  least  in  conqsarlson  to  the  more  easily  used  carbonyl  iron  formula¬ 
tions,  th«y  were  set  aside  for  more  promising  items.  It  was  not  until 
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much  later  that  It  waa  discovered  that  the  particular  ferrites  that  we 
measured  had  a  skin  with  high  resistance.  Removal  of  the  skin  enabled 
us  to  obtain  a  value  of  attenuation  which  signalled  the  advisability  of 
further  study.  Since  that  time,  the  study  and  evaluation  of  ferrite 
materials  has  became  a  major  phase  of  this  p^Jeet. 

Our  study  is  outlined  as  follows: 

1.  Material  supply 

2.  Evaluation  of  samples  for  attenuating  properties 

3.  Theoretical  approach  to  attenuation 
A.  Methods  of  preparation  of  ferrites 

2.3.1  Material  Supply 

We  have  been  most  fortunate  in  our  attends  to  secure  samples 
of  ferrite  toroids  for  commercial  manufacturers.  Every  manufacturer 
that  we  have  approached  has  been  very  prompt  in  supplying  us  with  samples. 
Most  of  the  toroids  that  we  received  would  not  fit  our  standard  holders 
and  we,  therefore,  had  to  make  special  ones.  We  were  able  to  measure 
these  non-«tandard  samples  with  our  stub  matching  system  but  only  at 
frequencies  no  lower  than  150  Me.  One  manufactxirer,  however,  supplied 
us  with  some  samples  made  to  our  dimensional  specifications,  and  we  were 
able  to  measure  these  samples  from  over  the  10  Me  to  500  Me  range,  using 
the  General  Radio  immlttance  bridge  and  our  long  line  system. 

In  addition  to  molded  samples,  we  were  also  given  samples  of 
fired  ferrite  powdere  for  our  own  fabrication. 

2.3.2  Evaluation  of  Ferrite  Materials 

After  reviewing  ferrite  literature,  we  find  that  there  are 
certain  electrical  characteristics  of  the  material  that  are  very  Ijqnr- 
tant  in  the  development  of  a  good  attenuator  for  the  low  frequencies. 

(l)  The  initial  permeability  should  be  high,  so  that  losses 
due  to  hysteresis  or  magnetic  resonance  may  appear  at 
the  lowest  possible  externally  applied  field  [in  our  case 
lero  field]. 
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(2)  The  volume  reelatlvlty  should  be  as  low  as  permissible  in 
Its  particular  application.  This  will  result  In 

shunt  or  eddy  current  losses. 

(3)  Saturation  residual  magnetization  should  be  high.  The 
combination  of  these  with  high  permeability  Is  import axxb. 

These  properties  will  give  a  hysteresis  loop  that  Is 
nearly  rectangular  with  the  greatest  area  (largest  loss 
per  cycle)  for  the  lowest  applied  field. 

(4)  Frequency  independence  Is  desirable  over  a  certain  range  of 
frequencies.  Unless  a  complex  ferrite  is  developed,  the 
effects  of  domain  wall  resonance  and  ferromagnetic  resonance 
cannot  be  fully  utilised,  since  these  losses  peak  at  certain 
frequencies. 

(5)  Ta^ierature  stability  is  desirable  because  of  the  wide  range 
of  service  temperatures. 

Information  Is  presented  in  Table  2-16  showing  electrical  and 
magnetic  properties  of  some  ferromagnetic  materials  idilch  are  available 
oooBerclally. 

We  have  received  and  evaluated  sanq>les  of  ferrites;  types  T-1, 
C-27,  Q>1  and  H-1.  A  composite  plot  of  attenuation  versus  frequency  Is 
shown  in  Figure  2-15.  This  graph  shows  that  of  the  four,  the  0-27  ferrite 
Is  the  best  for  ovu*  purposes.  However,  the  perturbations  in  the  curves 
for  the  ferrites  do  not  appear  in  the  carbonyl  iron  curves.  These  are 
probably  indicative  of  resonance  and  anti-resonance  in  the  ferrite 
matrix  and  are  related  to  domain  wall  rotation,  domain  reeonance,  etc. 
Ferrite  development  should  lessen  the  degree  of  pertux^tion  or  resiove 
it  entirely. 

Although  we  have  received  a  number  of  different  types  of  fer¬ 
rites,  we  have  not  been  able  to  measure  any  but  the  four  first  mentioned. 
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This  has  been  brought  about  by  the  variations  in  dimension  of  the  toroids 
which  we  could  not  accommodate  in  our  sample  holders.  Several  experimental 
holders  were  designed  but  were  not  successful.  Efforts  to  correlate 
measurements  made  on  our  standard-sized  samples  with  those  made  on  com¬ 
mercial  toroids  were  not  conclusive. 

It  remained,  therefore,  that  the  only  samples  which  gave  fairly 
reproducible  data  were  those  made  especially  for  us.  Future  evaluation 
of  other  types  will  require  molding  our  own  or  having  the  samples  manu¬ 
factured  to  our  specification. 


2.3.3  Theoretical  Approach  to  Attenuation 

Our  ultimate  aim  is  to  be  able  to  specify  the  parameters  that 
will  maximize  attenuation.  To  aid  in  this,  an  equation  was  developed 
that  relates  attenuation  to  frequency,  permittivity,  permeability,  and 
loss  tangents.  This  equation  can  be  written  as  follows: 


or 


128  X  10“^f 


t 'm  ( 


(tan  6  tan  6,-1) 


1  +  tan  6  ^  tan  6,  +  tan  6  ^  +  tan  6 

e  M  e 


7)f 


(2-11) 


tdiere  a,  the  attenuation  in  db  per  centimeter  is  given  as  a 
function  of  f,  the  frequency  in  cycles  per  second. 


K 


tan  6, 


tan  6. 


permittivity  relative  to  free  space 
permeability  relative  to  free  space 
magnetic  loss  tangent 
dielectric  loss  tangent 
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To  clarify  relationships  and  to  enable  us  to  look  for  specific 
values  of  these  parameters,  two  graphs  (Figures  2-16  and  2-17  were 
plotted.  These  show  the  relationship  of  attenuation  to  frequency,  with 
the  product  of  the  real  parts  of  complex  relative  permeability  and  com¬ 
plex  relative  permeability  and  complex  relative  permittivity  as  parameters 
with  different  values  of  loss  tangent  assumed. 

Of  course,  each  one  of  these  parameters  is  frequency  dependent, 
and  therefore  the  use  of  these  graphs  is  limited.  They  serve,  however, 
to  suggest  the  proper  parameters  to  obtain  a  certain  attenuation,  say 
30  db,  at  a  particular  frequency.  It  would  remain  to  develop  a  ferrite 
that  combines  these  various  parameters  to  obtain  a  working  model. 

In  Section  2.3.2,  it  was  mentioned  that  high  initial  permeability 
and  low  volume  resistivity  should  be  looked  for  in  the  choice  of  ferrites 
for  use  as  attenuators  of  RF  energy  at  low  frequencies.  We  have  listed 
these  properties  for  various  powdered  materials  in  Table  2-17  and  Table 
2-18  beginning  with  the  lowest  values  and  ascending  to  the  highest.  The 
tables  are  to  aid  in  making  a  choice  of  ferrite  for  further  evaluation. 

Unfortunately,  this  aspect  of  the  study  was  not  pursued  because 
of  difficulties  in  securing  samples  and  also  because  of  the  lack  of  time. 
However,  some  preliminary  data  indicates  that  the  theory  has  merit  and 
should  not  be  left  unresolved. 

2. 3. A  Methods  of  Preparing  Ferrites 

Ferrites  are  prepared  by  a  ceramic  technique  which  involves 
sintering  the  component  oxides  at  temperatures  between  1000°C  and  1A50**C. 
The  stages  in  the  prepenation  of  ferrites  aa*e  listed  below: 

1.  Raw  material 

2.  Decomposition  to  oxide 

3.  Milling 

A>  Presintering  (partiail  reaction) 

3.  Remilllng 
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Table  2-17 

POWDERED  MATERIALS 
INITIAL  PERMEABILITY  (l  HC) 


Name  or 

Initial 

Perm 

IZES _ 

(I  Mo) 

F-6-18 

6 

F-6-23 

13 

Q-2 

40 

R-4 

40 

R-1 

45 

R-5 

65 

R-6 

70 

CQ 

100 

Q-1 

125 

84 

142 

F-200 

145 

N 

200 

CR-20 

210 

C 

250 

F-7B 

300 

F-15S 

300 

F-35 

300 

F-62S 

300 

D 

410 

G 

410 

F-73 

437 

MC 

480 

H-1 

550 

H-3 

550 

CR-4 

590 

CR-S 

625 

F-4S 

650 

E 

750 

0-1 

800 

H 

850 

CR-70 

895 

I 

900 

F-112 

1000 

F-27S 

1050 

0-2 

1100 

CR-80 

1250 

0-3 

1500  at  100  kc 

MB 

1550 

T-1 

2000  at  100  kc 
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Manuf . 
Code 

340 

340 

190 

190 

190 

190 

190 

662 

190 

662 

340 

190 

153 

190 

340 

340 

340 

340 

190 

190 

340 

662 

190 

190 

153 

153 

340 

190 

190 

190 

153 

190 

340 

340 

190 

153 

190 

662 

190 
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Name  or 

VoL-Res . 

Kenuf . 

IZBS _ 

(ohn-em) 

Code 

0-1 

Low 

190 

0-2 

Low 

190 

0-3 

Low 

190 

T-1 

Low 

190 

3A 

20 

17A 

3B 

20 

17A 

CR-70 

50 

153 

3C2 

80 

17A 

3D2 

80 

17A 

B2 

80 

17A 

F-na 

100 

3A0 

B3 

120 

17A 

CR-k 

150 

153 

23B 

270 

272 

5N 

1200 

272 

CR-S 

1600 

153 

cR-ao 

2000 

153 

27 

2200 

272 

H-1 

Med 

190 

Ferramlc  H 

Med 

190 

Farramlc  HI 

Med 

190 

7A 

5000 

272 

23 

5000 

272 

20 

23000 

272 

F-73 

100,000 

3A0 

4A 

100,000 

17A 

4B 

100,000 

17A 

AC 

100,000 

17A 

AD 

100,000 

17A 

4E 

100,000. 

17A 

R-02 

1,7  X  10” 

106 

Bk-UA 

2.5  X  10? 

153 

CR-20 

9  X  10® 

153 

F-AS 

loz 

3A0 

F-15S 

3A0 

F-35 

io7 

3A0 

F-62S 

lo! 

3A0 

F-200 

10?  7 

3A0 

11 

2.5  X  lo; 

272 

F-27S 

5x107 

3A0 

BX-U3 

5  X  lo; 

153 

F-6-18 

7  X  107 

3A0 

F-6-23 

7  X  lo; 

3A0 

F-7B 

7  X  loj 

3A0 

2285 

9 

272 

272 

H3 

190 

Q-1 

Hlch 

190 

Ferraalc  Q 

High 

190 

t-2 

High 

106 
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6.  Pressing 

7.  Final  sintering 

8.  Grinding  to  shape 

A  number  of  raw  materials  can  be  used  in  the  manufacture  of 
ferritesj  these  include  oxides,  carbonates,  oxylates  and  nitrates.  The 
last  three  compotinds  decompose  to  oxides  on  heat  treatment  and  are  there¬ 
fore  prepared  at  a  temperature  at  which  solid  state  reactions  begin. 

This  process  favors  a  formation  of  good  quality  homogeneous  materials. 

Raw  materials  are  first  milled,  usually  in  a  steel  ball  mill 
to  make  a  hoimjgeneous  mixt\ire  of  very  fine  particles.  The  process  is 
carried  out  with  the  raw  materials  in  a  slurry,  using  methylated  spirit 
or  any  other  liquid  which  is  easily  removed  after  milling.  The  mixture 
of  raw  materials  is  then  prefired  at  a  temperature  about  200“C  below  its 
final  firing  temperature.  This  process  causes  partial  reaction  of  the 
constituents  and  helps  to  reduce  shrinkage  during  final  sintering.  The 
presintered  material  is  remilled  and  then,  after  adding  a  small  quantity 
of  binder  (distilled  water),  the  powder  is  die-pressed  to  shape,  using 
a  molding  pressure  of  2-10  tons  per  square  inch.  After  molding,  the 
sample  is  heated  slowly  to  remove  the  binder.  Slow  heating  is  neces¬ 
sary  to  avoid  cracking  of  the  sample. 

The  properties  of  the  final  product  depend  critically  on 
the  sintering  process,  and  the  closest  control  of  sintering  time, 
temperature  and  atmosphere  is  required.  Generally,  sintering  is 
carried  out  at  a  temperature  between  1000 and  1450 °C  for  between 
4  hours  and  24  hours,  depending  on  the  ferrite.  Ferrites  containing 
nickel,  cobalt,  or  magnesium  are  sintered  at  the  highest  temperatures. 

Unless  great  care  is  taken  in  the  manufacture,  the  final 
ferrite  formed  is  not  exactly  that  corresponding  to  the  proportions 
of  the  raw  materials  used.  This  is  because  most  ferrites  can  take 
up  oxides  into  solution  without  forming  a  second  phase  and  therefore 
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give  rise  to  a  non-stoichiometric  mixture.  During  sintering,  there 
is  a  tendency  for  most  ferrites  to  give  off  oxygen,  since  the 
equilibrium  pressure  in  this  reaction  is  often  greater  than  one 
atmosphere  and  increases  rapidly  with  temperature.  This  gives  rise 
to  an  oxygen  deficiency  in  the  final  product  and  to  the  formation  of 
ferrous  ions.  Here  is  one  phenomenon  that  might  be  utilized  in  the 
manufacture  of  a  very  lossy  ferrite,  for  the  presence  of  ferrous  ions 
in  microwave  ferrites  causes  increased  dielectric  and  magnetic  losses. 

Another  problem  in  final  sintering  is  shrinkage,  which  may  be 
controlled  by  careful  preparation  and  by  uniform  heating  of  the  sample. 

Initial  production  of  attenuators  from  fired  ferrite  powders 
were  not  very  successful  because  of  poor  mechanical  strength.  To  over¬ 
come  this,  we  have  added  binders  in  varying  percentages.  These  have 
improved  sample  strength  somewhat  but  not  to  any  great  extent.  The 
attenuation  measurements  varied  from  2.5  db  per  sample  to  5  db  per 
sample  and  the  dc  resistance  varied  from  500  ohms  to  10,000  ohms. 

These  experiments  led  us  to  conclude  that  sintering  would  probably  be 
necesseury  to  achieve  the  sou^t  for  mechanical  strength.  However,  we 
still  had  the  problem  of  cruinbling,  when  no  binder  was  used.  We  decided 
to  try  etching  the  powder  to  improve  its  cohesion  when  pressed  into  a 
toroid  configuration.  The  powder  was  immersed  in  a  solution  of  5^  HNO^ 
for  two  hours,  then  washed  with  distilled  water  and  dried  in  an  oven  at 
130°C.  These  samples  were  strong  enough  to  hold  up  under  the  sintering 
procedure. 

The  use  of  water  as  a  binder  was  of  some  help  in  molding 
ferrite  powders.  Water  was  used  because  it  will  evaporate  during  the 
sintering  operation  and  leave  no  residual  contaminants.  One  drop  of 
water  per  sample  was  found  to  be  sufficient  to  enable  us  to  sinter  it. 
The  water-bound  samples  vesre  placed  in  an  oven  at  500  °F  for  five  or  six 
hours.  The  treatment  improved  the  mechanical  strength  of  our  samples, 
but  attenuation  was  uneffected. 
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The  next  step  was  to  try  total  sintering  of  the  samples  at 
2000 ®F  for  four  hours.  This  operation  gave  us  good  mechanical  strength; 
the  attenuation  of  these  samples  was,  however,  adversely  affected.  The 
attenuation  in  all  cases  was  less  than  3  db/cm  at  500  He  but  the  dc 
resistance  increased  to  well  over  2  megohms.  Up  to  this  time,  our  efforts 
to  fabricate  ferrites  without  total  sintering  and  controlled  atmospheres 
have  not  been  successful,  but  further  work  is  undoubtedly  warrauited. 

2.4  Transverse  Magnetic  Propagation  in  a  Special  Case  Coaxial  System 
Contributor:  Ramie  H.  Thompson 

The  general  problem  of  predicting  attenuation  from  physical. 

transmission  line  parameters  when  the  line  is  constructed  of  good  con- 

1  2 

ductors  is  well  covered  in  the  literature.  *  Almost  all  the  effort 
toward  developing  attenuation  by  specification  of  material  parameters  has 
been  made  with  the  tacit  assumption  that  the  line  itself  will  be  of  good 
conducting  material  and  the  attenuating  material  will  be  inserted  in  some 
manner  between  these  good  conductors.  This  assumption  made  available  for 
use  the  considerable  body  of  knowledge  in  the  literature.  Even  here, 
however,  there  are  some  limitations.  These  assumptions,  if  the  limitations 
listed  in  reference  3  below  are  satisfied,  insure  the  validity  of  the 
conventional  transmission  line  equations. 

Qualitatively  we  may  say  that  the  question  of  the  validity  of 
the  conventional  transmission  line  equations  is  one  of  mode  of  propaga¬ 
tion.  If  the  propagating  mode  is  TM,  then  the  transmission  line  equations 

^Hamo  and  Whinnery,  Fields  and  Vlaves  in  Modern  Radio  (New  York:  John  Wiley 
and  Sons,  Inc.,  1953). 

2 

J.  A,  Stratton,  Electromagnetic  Theory  (New  York:  HcGraw  Hill  Book  Co,, 
Inc.,  1941). 

^Raoo  and  Whinnery,  op.  cit.  p.  343->344. 
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hold.  It  can  be  shovm  that  inside  a  closed  structure  no  purely  TIM 
propagating  wave  can  exist;  however,  under  the  conventional  transmission 
line  assun^ions  the  mcde  is  so  close  to  TM  that  there  is  very  little 
quantitative  difference  between  results  and  actual  observed  quantities. 
In  sum,  the  further  we  depart  from  TEM  propagation  the  less  we  can  trust 
the  results  of  conventional  transmission  line  theory. 

In  practice,  it  seems  that  obtaining  a  high  attenuation  constant 
at  low  frequency  involves  specification  of  parametters  for  the  attenuating 
material  that  are  not  at  present  physically  obtainable.  Our  chief  hope 
in  obtaining  material  with  the  correct  physical  parameters  is  by  a 
thorough  investigation  of  the  ferrites  now  available.  These  materials 
will,  of  cotirse,  have  to  conform  to  the  validity  conditions  of  the 
transmission  line  equations,  since  the  predicted  attenuation  is  based 
on  these  equations. 

Another  approach  to  obtainj.ng  high  attenuation  at  low  frequencies 
is  to  ignore  the  approximations  necessary  for  TM  propagation  and  solve 
the  general  case  propagation  problem.  In  our  particular  case,  we  woiild 
like  to  solve  the  coaxial  line  configuration  since  it  has  an  outer 
conductor  that  behaves  as  a  grounded  shield.  The  general  case  has  been 

4 

treated  without  considering  a  magnetic  loss  term;  the  resvilts  require 
specification  of  at  least  one  more  quantity  than  is  given  and  therefore 
we  cannot  solve  for  the  propagation  constant.  (Even  if  this  other  quan¬ 
tity  were  given,  the  equation  would  still  be  a  complex  transcendental 
and  contain  both  Bessel  and  Neuman  functions).  If  the  assumption  is 
made  that  the  material  between  inner  and  outer  conductors  is  very  thin 
compared  to  its  radius,  and  that  the  skin  depth  of  the  outer  mediiun  is 
small  in  comparison  to  this  radius  then  the  problem  reduces  to  finding 
the  propagation  constant  in  the  system  diagranmed  in  Figure  2-18. 

^Stratton,  op.  cit.  p.  545-548. 


-  53  - 


THE  FRANKLIN  INSTITUTE  •  Lcibor<uories  for  Research  and  Development 


F-B1857 


*  =  0/ - 


FI6.Z-I8.  SECTION  OF  INFINITE  PLANE  TRANSMISSION  SYSTEM 


FIL  Report  P-B1857-10,  from  which  this  material  is  drawn, 
shows  that  this  configuration  is  equivalent  to  that  shown  in  Figure 
2-19,  as  far  as  propagation  of  TM  waves  are  concerned. 


Pl'*Z  >^2 


Ml  t  «|  .*^1 .6| 


XSO - 


) 


iz 


FIG. 2-19.  A  CONFIGURATION  EQUIVALENT  TO  FIG.  2 -IB.  FOR  TM  WAVES 


Our  composite  model  can  now  be  drawn  as  Figure  2-20.  The 
assumptions  here  are  that  r  »  a  and  that  the  skin  depth  in  medium  2 
is  much  less  than  r. 
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F/G.  2~Z0.  CROSS-SECTION  OF  SPECIAL  COAXIAL  MODEL 


The  equation  which  determines  the  propagation  constant  of  TIM 
waves  in  the  system  of  Figure  2-20  was  found  to  be 


-Jute 


/  uje  / 

cos  (K^  ®'2)  +  sin  (K^  2)  =  0 


tdiere 


Ki-±-V 


2  *  *  2 
Y  +  U) 


/  2  *  *  2  c 

^2  ®2  “  I 


Choose  the  root  which  has  a  negative 
imaginary  part 


] 


( 


(2-12) 
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Y  =  oH-  jP  =  propagation  constant 
* 

|i^  =  complex  permeability  of  medium  1 
* 

»  complex  permittivity  of  medium  1 

l-ig  =  complex  permeability  of  medium  2 
* 

Cg  =  complex  permittivity  of  medium  2 
uj  =  2nx  frequency 
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The  roots  of  Eq.  2>12  define  the  desired  propagation  constants. 
Since  Eq.  2-12  is  a  complex  transcendental  equation,  no  explicit  solution 
of  the  roots  may  be  written.  A  computer  program  was  written  to  obtain 
these  roots,  but  due  to  limited  memory  space  the  program  cannot  consider 
complex  permeabilities. 

We  have  obtained  two  solutions  from  the  program  to  date. 
Referring  to  Figure  2-19»  the  constants  were: 

U)  =  2TT  X  10^ 


s. 


Ir 

2r 


Ir 

‘ir 

^1 

a/2 

a/2 


=  2000 
=-  10 

a  100  ohms/meter  -  conductivity  of  medium  2 
=  1 
=  5000 

”  0  -  conductivity  of  medium  1 
=  1  X  10  inches  -  first  lom 

_3 

"  0.5  X  10  inches  -  second  run 


where  the  r  subscript  denotes  value  relative  to  free  space. 
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The  first  run  (a/2  ®  1  mil)  gave  an  attenuation  constant  of 
12.5  db/cm,  the  second  rvin  (a/2  =  0.5  mils),  18  db/cm.  The  problem  of 
determining  vdiich  mode  these  results  represent  is  still  under  study. 

As  a  measure  of  the  accuracy  of  the  machine  program,  the  tvK)  terms  of 
Bq.  2-12  were  examined  at  the  root.  For  the  a/2  =  1  mil  case,  the  real 
parts  agreed  to  0.255^,  the  imaginary  parts  to  0.95%>  For  the  a/2  =  0.5 
mil  case,  the  real  parts  agreed  to  0.04^,  and  the  imaginary  to  0.19^. 

3.  CHEMICAL  STUDY 

During  the  first  part  of  the  project,  we  tried  to  improve  the 
RF  parameters,  atteniiation,  resistance,  and  voltage  breakdown  of  samples 
made  with  carbonyl  iron.  The  two  major  phases  investigated  were  effect 
of  particle  size  and  effect  of  various  coatings.  At  the  same  time,  we 
did  a  cursory  investigation  of  nickel,  zinc,  sponged  iron  and  alnico 
powders  to  compare  their  properties  with  those  of  carbonyl  iron. 

3.1  Particle  Size  Study  of  Carbonyl  Iron 

The  particle  size  of  carbonyl  iron  powder  given  by  the  manu¬ 
facturer  is  an  average  value.  The  particles  are  distributed  around  the 
mean  within  a  reasonably  well-defined  range.  Figure  3-1  gives  an  example 
of  the  distribution  for  the  lO^nicron  carbonyl  iron  powder. 

Our  "standard"  attenuator  is  made  from  carbonyl  iron  powder 
of  10<^cron  average  particle  diameter.  This  size  was  chosen  early  in 
the  development  of  powdered  iron  attenuators  because  it  was  the  easiest 
to  Insvilate  and  gave  the  most  consistently  reproducible  results  when 
coated  by  the  old  water-phosphate  system. 

Since  that  time,  we  have  switched  to  an  acetone-phosphate 
system  which  utilizes  acetone  in  place  of  water.  We  did  this  because 
it  keeps  oxidation  of  the  carbonyl  iron  powder  to  a  minimum  giving 
better  reproducibility.  A  fuller  explanation  for  the  change  from  water 
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to  acetone  is  given  in  another 
series  of  reports.^  However, 
though  the  coating  process  was 
changed,  the  lO-micron  powder 
was  retained. 

We  were  aware  of  the 
possibility  that  this  particle  size 
(lO-^nicrons)  was  not  optimum.  A 
typical  comment  on  small  spherical 
particles  can  be  found  in  "Funda¬ 
mentals  of  Ferromagnetism"  here 
quoted:^ 

•  ••In  order  to  decrease  losses,  it  is  common  practice  to  use 
thin  strips,  thin  sheets,  or  small  particles  insulated  from 
one  another. 

Spherical  iron  particles  for  high  frequency  work  are 
obtained  by  chemical  decomposition  of  iron  carbonyl,  and 
then  "potted"  in  a  low  loss  dielectric.  These  particles 
have  the  advantages  of  low  loss  because  of  small  diameter 
and  a  large  number  of  walls  per  unit  distance. 

After  we  had  satisfied  ourselves  that  we  could  constantly 
reproduce  samples  in  small  lots,  we  undertook  the  task  of  determining 
the  effect  of  particle  size  on  attenuation,  resistance,  end  voltage 
breakdown. 


PARTICLE  SIZE  DISTRieuriON  ANALYSIS 
OF  CARBONYL  IRON.  TYPE  HP 


^Mohrbach,  P.  F.,  Wood,  Robert  F. ,  "RF  Attenuating  Material  Studies  (U)", 
The  Franklin  Institute  Report  P-A2301-19. 

2 

Arrott,  Anthony,  Goldman,  J.  E.  "Fundamentals  of  Ferromagnetism". 
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3.1.1  Conqjarison  of  Particles  5,  8,  10  and  20  Microns  in  Diameter 

In  addition  to  the  standard  lO-micron  powder,  carbonyl  iron 
powders  ranging  in  size  from  5  to  20  microns  were  evaluated.  The  powders 
are  all  from  the  same  manufacturer  and  were  produced  about  the  same  time. 
All  test  specimens  were  made  from  25  gram  batches  consisting  of  995^  car¬ 
bonyl  iron  powder,  1^  ^3^^^  acetone,  and  then  pressed  at  85,000 

psi.  Our  evaluation  consisted  of  three  samples  from  each  of  four  batches 
of  5,  8,  10  and  20  micron  powders.  Results  from  the  powders  evaluated  at 
500  Me  are  given  in  Table  3-1* 


Table  3-1 

EFFECT  OF  POWDER  SIZE  ON  PARAMETERS 


Diameter 

(Microns) 

Density 

im/car) 

Attenuation 
at  500  Me 
(db/cm) 

Resistance 

(Mesohms) 

Breakdcwi 

(Volts) 

5 

6.16 

27 

100 

800 

8 

6.31 

30 

100 

990 

10 

6.11 

42 

10 

305 

20 

6.09 

100 

1 

115 

In  "standard"  sample  toroid  configuration. 


Data  indicates  that  as  particle  size  increases  from  5  to  20 
microns,  the  attenuation  increases  and  the  resistance  decreases.  At¬ 
tenuation  of  the  5  micron  powder  is  2?  db/cm;  this  increases  with  partical 
size  to  100  db/cm  at  20  microns  (see  Figure  3-2).  The  curve  of  density 
versus  particle  size  rises  to  a  peak  at  8  microns  and  then  falls  off  to 
6.09  gm/cc  at  20  microns  (Figure  3-3).  The  voltage  breakdown  curve 
(Figure  3-4)  has  the  same  general  shape  as  the  density  curve,  both  peak¬ 
ing  at  8  microns. 
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The  data  gathered  from  this  experiment  suggested  that  we  might 
make  a  sample  with  very  high  attenuation  by  using  the  20-micron  powder 
and  1/25?  insulation.  We  made  several  batches  of  99- 55^  20-mioron  iron 
powder  and  1/256,  attenuation  at  200  Me  was  49  db/cm  and  at 

500  Me,  200  db/cm.  These  data  are  plotted  in  Figure  3-5- 

3.1.2  larger  Particles  of  Carbonyl  Iron 

To  continue  our  studies  of  particle  size  effects,  we  obtained 
a  sample  of  unsized  carbonyl  iron  pewder  and  separated  it  ourselves,  by 
means  of  the  standard  sieve  series,  into  various  particle  sizes.  Table 
3-2  shows  the  percent  by  weight  of  a  given  particle  size  versus  the  particle 
diameter  eoq>ressed  in  mlcrcxis.  Figure  3-6  illustrates  the  particle  else 
distribution  in  graphical  tom.. 


Table  3-2 

RAW  CARBONYL  IRON  POWDER  SIEVE  SEPARATION 


Retained  on  Indicated  Mesh 


Mesh 

Particle  Size 
Microns* 

Wt.  in  Grams 

1 

20 

>841 

5.5 

1.58 

40 

>360 

49.0 

14.04 

60 

>250 

159.5 

45.76 

80 

>177 

48.0 

13.76 

100 

>149 

47.5 

13.61 

140 

>110 

18.5 

5.30 

200 

>75 

4.3 

1.23 

230 

>68 

6.0 

1.72 

325 

>44 

10.5 

3.01 

348.8 

100.00 

Particle  size  of  fraction  is  greater  than  size  listed,  but  less  than 
next  largest  shewn. 


( 
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PARTICLE  SIZE  (/i) 

ne.3-A  M/tr/ae  sue  otsritiBunoM  of 
itm  esMOMYL  moM 


Results  of  attenuation  measurements  indicate  that/maximum 
attenuation  for  a  sample  composed  of  99^  carbonyl  iron  and  phosphoric 
acid  and  molded  at  85,000  psl,  occurs  in  specimens  cooy>osed  of  44  micron 
diameter  poirder. 

Figure  3-7  shows  that  attenuation  rises  sharply  as  particle 
slse  increases  from  5  to  44  microns.  Above  44  microns,  even  %  insula¬ 
tion  did  not  produce  the  500  ohm  minimum  dc  resistance  we  require  before 
measvu^ing  attenuation. 

It  will  be  noted  from  Figure  3-8  and  the  date  in  Table  3-3 
that  dc  resistance  drops  as  particle  size  increases.  We  feel  that  drop 
in  resistance  has  little  effect  upon  attenuation  when  the  sample  resist¬ 
ance  is  greater  than  500  ohms.  This  may  not  be  apparent  from  the  present 
date,  but  on  previous  contracts  we  have  made  samples  having  various 
resistances  and  have  observed  that  values  above  500  ohms  do  not  materially 
affect  the  measured  attenuation  if  density  is  held  constant.  Below  500 
ohms,  the  shunt  z^lstance  starts  to  influence  the  attenuation. 
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Table  3-3 

SAMPIE  CHARACTERISTICS 


Particle 

Diameter 

Microns 

Density 

gm/coi^ 

dc  Resistance 
Megohms 

Breakdown 

Voltaee 

Attenuation 
(500  Me) 
db/cm 

^  U  OJ 

Insulai 

H,P0 
3  1 

5 

6.16 

>100.0 

800 

27 

1.0 

8 

6.31 

>100.0 

990 

30 

1.0 

10 

6.11 

10.0 

305 

42 

1.0 

20 

6.09 

1.0 

115 

100 

1.0 

44 

6.18 

0.1 

- 

105 

1.0 

UO 

6.18 

ion 

- 

- 

1.0 

177 

5.70 

in 

— 

- 

3.0 

250 

5.75 

in 

- 

- 

3.0 

3.2  Insulating  of  Carbonyl  Iron 

Our  standard  method  of  making  attenuating  material  is  to  coat 
the  iron  particles  using  a  phosphoric  acid  solutions.  During  the  past 
year,  we  have  tried  several  other  methods  of  coating  and  have  accumulated 
some  Interesting  data. 


3.2.1  Nitric  Acid  (HNO^) 

One  of  the  most  promising  coating  materials  is  nitric  acid. 
Data  taken  at  500  Me  on  samples  coated  with  HNO^  are  shown  in  Table  3-4. 


Table  3-4 

MULTIPLE  COATED  SAMPLES 


Coating  Procedure 

Attenuation  500  Me 
db/cm 

Voltage 

Breakdown 

Resistance 

(megohms 

1/25J  +  1/45?  HNO^ 

96 

116  volts 

0.5 

1/258  +  1/458  +  1/4^  HNO^ 

60 

210  volts 

1.0 

1/25^  +  1/258  +  1/258  HNO^ 

40 

300  volts 

1.0 
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The  technique  of  coating  had  to  be  modified  when  nitric  acid  was  used; 
multiple  coatings  of  low  strengths  were  applied,  rather  than  a  single 
full-strength  one. 

From  the  data  presented  in  Table  3-U,  it  would  seem  that  this 
method  of  coating  is  comparable  to  our  acetone-phosphate  system.  Unfor¬ 
tunately,  this  is  not  a  fact.  Samples  made  by  this  system  are  subject 
to  oscldatlon,  which  we  have  been  unable  to  prevent.  This  leads  to  a 
continual  drop  in  attenviatlon  over  a  period  of  time. 

3.2.2  Hydrochloric  Acid  (HCl) 

Samples  made  using  HCl  as  the  coating  agent  have  been  evaluated 
on  a  limited  scale.  Because  HCl  is  highly  corrosive  to  iron,  it  is  dif¬ 
ficult  to  form  a  coating.  For  samples  that  were  successfully  coated, 
only  4  db/cm  of  attenuation  at  500  Me  could  be  realised. 

3.2.3  Sulfuric  Acid  (HgSO^) 

Sulfuric  acid  presents  the  same  problem  as  hydrochloric; 
it  is  also  highly  corrosive  to  ircsi.  A  typical  value  for  a  sample  made 
by  this  process  follows: 

Samgj^ejfu^er  Resistance  Attenuation  (500  Me) 

4635  286  ohms  9.6  db/cm 

3.2.4  Titanium  DioKide  (TiOg) 

At  this  point,  we  deviated  from  acid-coating  to  coating  with 
an  Insulating  material  having  a  high  dielectric  constant,  hereafter 
called  Hl-K  material.  A  typical  set  of  data  obtained  for  sanqiles  coated 
with  titanium  dlooclde  (Ti02)  is  shown  in  Table  3-5. 
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TiOg  COATED  CARBONYL  IRON  SAMPLES 


Tin 

2  Reeletance 

(2M)  (kllohma) 


Density 

(m/cn?) 


Attenuation 
at  (500  Me) 
(db/cm) 


Breakdown 

(Volts) 


2 

3 

k 

5 

6 


0.05 

3.1 

300 

500 

650 


6.32 

* 

* 

6.15 

64.9 

100 

6.03 

40.4 

140 

6.00 

38.8 

155 

5.86 

29.4 

235 

Not  measured,  resistance  too  low. 


Results  from  this  coating  process  compare  favorably  with  our 
standard  acetone-phosphate  process  in  respect  to  attenuation.  Resistance 
values  in  each  lot  (%  of  TiO^)  varied  over  a  wide  range.  We  do  not 
plan  to  use  this  system  in  place  of  the  acetone-phosphate  system  since 
it  requires  a  much  more  elaborate  and  time-consuming  process  for  pro¬ 
ducing  the  coating.  This,  taken  with  the  difficulty  of  controlling  the 
resistance  from  lot  to  lot,  does  not  Justify  a  shift  in  coating  process. 

3.2.5  Barium  Tltanate  (BaTlO^) 

Data  from  the  BaTiO^  process  foUcMS  closely  that  obtained 
with  the  TIO2  system.  Typical  values  obtained  are  those  shown  in 
Table  3-6. 


Table  3-6 

BARIUM  TITANATE  COATED  SAMPIES 


Samole  Number 

Resistance 

(ohms) 

Density 

(em/cn? 

Attenuation 
at  (500  Me) 
(db/cm) 

Breededown 

Voltaae 

6404 

105 

6.45 

6408 

180  K 

6.26 

42.8 

- 

6427 

62  M 

6.27 

56.8 

155 

6430 

500  M 

6.04 

19.1 

420 
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The  coating  processes  that  we  have  discussed  in  Section  3*2 
are  those  that  were  carried  out  during  this  contract.  In  the  course 
of  work  on  other  c(»itracts,  several  other  processes  were  investigated: 


1.  Water  -  phosphate 

2.  Silica 

3.  Silicone 

4.  Silicates  (including  glass) 

5.  Special  coatings  done  at  Plcatinny  Arsenal 

None  of  these  systems  were  equal  to,  or  superior  to  our  acetone-phosphate 
process. 


3.3  Relationship  of  Density  and  Resistance  to  Attenuation 

Evaluation  of  data  dealing  with  the  effects  of  particle  size 
upon  attenuation  indicated  that  dc  resistance  and  attenuation  were  in 
some  way  related.  We  noticed  that  resistance  decreased  while  attenuation 
increased  proportionately  with  increasing  particle  diameter.  Additional 
experiments  showed  that  the  effects  upon  attenuation  of  particle  diameter, 
density,  and  dc  resistance  are  not  readily  separable. 

To  obtain  a  curve  that  would  relate  the  three  parameters 
(resistance,  density,  attenuation)  we  chose  a  formulation  of  98.5^ 
carbonyl  iron  powder  and  1.5$  H^PO^.  To  obtain  a  range  of  values  for 
density,  resistance,  and  attenuation,  we  varied  the  pressure  which  the 
samples  were  molded  from  85,000  psi  to  200,000  psi. 

Figure  3-9  contains  a  graphical  summary  of  the  results.  At¬ 
tenuation,  as  Illustrated  by  the  curve,  increases  with  decreasing  resist¬ 
ance;  but,  density  also  increases  as  resistance  decreases. 

These  data  lead  us  to  believe  that  both  decreased  resistance 
and  Increased  density  are  operating  conjointly  and  indlstinguishably  to 
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increase  the  attenuation  of  our  samples.  The  effects  of  density  and 
resistance  are  Interdependent.  When  the  pressure  at  which  a  sample  is 
being  fabricated  is  increased,  the  density  is  increased  and  a  correspond¬ 
ing  decrease  in  resistance  is  obseirved.  This  is  because  the  insulated 
iron  pairticles  are  more  closely  packed  (possibly  deformed)  or  because 
the  insulation  fails  mechanically  imder  the  increasing  pressure,  or 
both.  In  either  case,  the  density  and  hence  the  attenuation.  Increase 
as  resistance  decreases. 

3.4  Summary  of  Chemical  Studies  of  Carbonyl  Iron 

Using  our  present  acetone-phosphate  technique,  carbonyl  iron 
powder  cannot  be  insulated  with  less  than  0.55^  limit  being 

marked  by  a  large  drop  in  dc  resistance.  Increasing  the  percentage  of 
insulation  to  1.3^  causes  a  proportional  increase  in  dc  resistance. 

Beyond  this  point,  dc  resistance  will  not  increase  and  may  actiially 
drop  off.  The  voltage  breakdcwn  of  a  sample  will  also  increase  with 
increasing  insulation  until  the  3.C^  mark  is  reached.  We  have  not 
investigated  phosphate  insulation  beyond  the  3^  mark  because  the  atten¬ 
uation  at  300  Me  drops  off  rather  rapidly  from  40  db/cm  at  insulation 
to  10  db/cm  at  3^  insulation. 

An  insvilatlon  coating  of  lj6  H^PO^  results  in  a  dc  resistance 
of  500  megohms  for  5  micron  powders  and  1.5  megohms  for  20  micron  powders. 
This,  we  believe,  is  due  to  the  large  surface  area  (for  a  given  weight) 
of  the  smaller  particles  and  the  rate  of  chemical  reaction.  The  acid 
is  assumed  to  be  more  evenly  distributed  over  the  large  surface  area 
and,  hence,  we  have  many  uniformly  insulated  spheres.  When  we  go  to 
the  larger  particles,  we  have  fewer  particles  (for  a  given  weight)  and 
considerably  less  surface  area.  Therefore,  the  acid  is  not  being  used 
as  efficiently  as  with  the  smaller  particles  and  consequently  we  get 
a  lower  resistance. 
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Physical  properties  of  the  raw  pcwder  have  a  great  deal  to  do 
with  the  insulation  characteristics  of  the  coated  powder.  As  an  example, 
if  the  powder  particles  are  non-spherical  in  shape,  we  have  difficulty 
in  coating  them.  When  these  powders  are  pressed,  their  irregularities 
tend  to  puncttire  the  insulation  and  thus  give  an  eoctremely  low  resist¬ 
ance.  Similarly,  large  spherical  particles  are  more  easily  deformed  by 
pressure  than  are  small  ones.  When  these  particles  are  deformed,  the 
insulation  cracks  and  the  resistance  drops  into  the  low  megohm  range. 

3 . 5  Other  PCT«iers 

Iron  powder  made  by  the  carbonyl  process  has  been  the  basic 
Ingredient  used  during  our  development  of  an  RF  attenuating  material. 

Since  iron  is  ferromagnetic,  we  decided  to  try  other  ferromagnetic 
powders  to  see  if  a  more  lossy  attenuator  could  be  made.  Toward  this 
end,  we  have  conducted  experiments  utilizing  nickel,  alnico  mixture, 
sponge  iron  and  one  paramagnetic  material  -  zinc. 

3.5«1  Nickel  Powders 

Five  samples  of  nickel  pcwder  were  obtained.  They  are  all 
177  microns  or  less  in  diameter  and  were  produced  by  different  processes 
(electrolytically  annealed,  chemically  precipitated,  and  reduced  oxides). 
We  were  not  able  to  insulate  the  nickel  powders  by  materials  already  in 
use,  such  as  H^PO^,  HNO^,  SiOg.  An  attempt  was  made  to  insulate  the 
particles  by  oxidizing  the  surface,  by  heating  in  the  presence  of  oxygen. 
Results  were  poor,  as  we  were  unable  to  obtain  sufficient  resistcuice  to 
enable  us  to  measure  the  attenuation  of  the  samples.  We  believe  that 
our  inability  to  form  an  insulating  coat  is  due  to  the  Irregular  shape 
of  the  particles. 

A  second  method  consisted  of  trying  to  coat  the  nickel  particles 
with  nickel  nitrate.  Nickel  nitrate  was  made  by  heating  nickel  and  an 
excess  of  nitric  acid  in  Isopropyl  alcohol.  We  had  no  success  in  producing 
samples  with  more  than  a  few  ohms  resistance. 
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VTe  were  very  desirous  of  evaluating  alnico  as  a  source  of 
attenuating  material  because  It  Is  more  ferromagnetic  than  Iron.  However, 
we  could  not  find  a  source  of  the  powder.  An  effort  is  being  made  by 
various  manufacturers  to  make  alnico  in  powder  form  and  it  may  be  avail¬ 
able  in  the  future. 


We  mixed  the  required  elements  in  an  atteiqpt  to  form  alnico 
powder.  Samples  made  from  these  mixtures  had  a  resistance  of  about  5 
ohms.  Furthermore,  they  grow  with  time,  and  therefore,  do  not  fit  into 
our  attenuation  measuring  system. 


3.5.3  Sponge  Iron  Powders 

Investigation  of  sponge  iron  powder  as  a  substitute  for  carbonyl 
iron  was  aimed  not  so  much  at  increasing  attenuation  as  at  finding  another 
source  of  iron  powder.  We  evaluated  three  types  of  sponge  iron  that  were 
insulated  by  our  acetone-phosphate  process. 

Data  obtained  are  tabulated  in  Table  3-7. 


Table  3-7 

COMPARISON  OF  SPQNCE  IRCN  POWDERS 


Tvce 

Density 

iga/cs? 

AT>TienuaT>ion 

at  (500  Me) 
(db/cm) 

Resistance 

(kilohms) 

EP  1024 

0.Q3 

MH  300 

6.35 

40 

25. 

A-EPIO24 

6.37 

38 

1000. 

Breakdown 
(Volts.  RMS) 


30 

30 


(  ■ 


J 


-  71  - 


THE  FRANKLIN  INSTITUTE  •  LxAcfraunks  for  ReteoKh  cuid  Dm^elo^^ 


F-B1857 

From  the  standpoint  of  attenuation  and  resistance,  type  A-EP1024 
appears  to  be  a  satisfactory  substitution  for  carbonyl  Iron.  Hoifever,  the 
voltage  breakdoum  Is  very  low,  only  30  volts. 

3.5*4  Zinc  Powder 

A  small  effort  during  this  past  year  was  directed  toward  the 
investigation  of  zinc  and  Its  ooclde.  We  did  this  to  observe  the  behavior 
of  a  paramagnetic  metal.  Again,  we  were  not  able  to  insulate  the  powder. 

4.  APPLIED  STUDIES 
4.1  Dielectric  Cap  Studies 
Contributor:  James  D.  Dunfee 

HF  attenuating  materials  used  to  envelope  initiator  conductors 
frequently  have  low  resistance  and  low  voltage  breakdown.  Use  of  a 
Formvar  insulating  film  (0.0003  to  0.000$  inches  in  thickness)  baked  on 
the  conductors  can  be  used  to  increase  both  of  these  properties;  however, 
this  reduces  the  RF  attenuation  of  the  insulated  assembly  by  60  percent. 

Theoretical  analysis  predicts  that  an  insulating  layer  can  be 
interposed  between  the  conductors  and  the  attenuating  material  without 
an  appreciable  loss  in  attenuation  provided  the  dielectric  constant 
and  insulation  thickness  are  properly  specified.  The  range  of  permit¬ 
tivity  values  required  for  successful  application  of  such  a  film  appears 
to  be  available  in  barium  and  other  tltanate  ceramics.  We  obtained  from 
a  commercial  manufacturer  a  large  number  of  tubiilar  capacitor  bodies  in 
a  wide  range  of  permittivities.  A  testing  program  during  the  past  year 
was  directed  toward  establishing  the  values  of  dielectric  constant  and 
thickness  of  insulation  which  do  not  seriously  reduce  the  attenuation 
of  the  insulated  assembly.  Most  of  the  insulated  assemblies  were  made 
with  the  tubular  ceramic  bodies  previously  mentioned. 
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The  general  testing  procedure  consists  of  first  measuring 
the  RF  attenuation  of  a  carbonyl  iron  attenuating  sample  in  a  coaxial 
line  as  shown  in  Figure  4-1*  Next,  a  ceramic  tubular  capacitor  body 
vrlth  a  specified  permittivity  is  cemented  on  a  brass  center  conductor 
using  a  silver-filled  conductive  epoxy  cement.  After  curing  the  cement, 
the  ceramic  tube  is  cyllndrically  ground  to  a  specified  thickness. 
Another  carbonyl  iron  sample  with  density,  thickness,  and  other  char¬ 
acteristics  similar  to  the  first  sample  is  then  bored  to  precise  dimen¬ 
sions,  fitted,  and  cemented  over  the  ceramic  insulating  tube.  The 
completed  assembly  is  shoim  in  Figure  4-2.  Besides  fixing  the  relative 
position  of  the  component  parts  of  the  assembly,  the  silver  epoxy  cement 
is  used  to  prevent  the  EF  from  passing  through  the  air  spaces  between 
the  fitted  parts.  The  final  step  in  the  test  procedure  is  the  measure¬ 
ment  of  the  RF  attenuation  of  the  insulated  assembly;  the  result  is 
compared  with  that  obtained  with  the  iminsulated  assembly,  and  the 
percentage  change  calculated. 

A  series  of  tests  were  conducted  with  various  thicknesses  of 
ceramic  tubing  and  a  wide  range  of  values  of  the  dielectric  constant. 
Results  of  these  tests  are  shewn  in  Figure  4-3  >  It  can  be  seen  that 
decreasing  the  material  thickness  and  increasing  the  dielectric  constant 
of  the  insulator  reduces  the  adverse  effect  upon  attenuation  using  un¬ 
insulated  models  as  standards  of  comparison.  A  ceramic  with  a  dielectric 
constant  greater  than  115  and  a  thickness  of  0.01?  inch  can  be  inserted 
between  the  carbonyl  iron  attenuator  and  the  center  conductor  without 
impairing  the  attenuation.  At  the  other  extreme,  the  curve  for  glass 
bonded  mica  with  a  dielectric  constant  of  7  shows  2  7S^  drop  in  atten¬ 
uation  with  a  thickness  of  0.010  inch. 

Some  irregularities  in  the  data  for  attenuation  loss  using 
ceramics  with  a  dielectric  constant  of  62,  indicated  that  physical 
properties  other  than  the  ceramic  permittivity  and  thickness  should 
also  be  measured.  Measurements  of  the  capacity  and  dissipation  factors 
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fyg.  ¥-/■  ATTENUATING  SAMPLE  MOUNTED  IN  COAXIAL  AIR  LINE 


FK.  4-2.  CettMMC  INSULATOR  ASSCttBLY 
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of  the  ceramics,  attenuating  materials,  and  assemblies  were  made.  The 
assembly  capacity  is  plotted  versus  attenuation  drop  in  Figure  U-U- 
Increased  capacity  of  the  assembly  reduces  loss  in  attenuation.  Capacity 
is,  of  course,  a  function  of  material  thickness,  dielectric  constant,  and 
effective  area  of  the  capacitor.  Having  investigated  the  first  two  vari¬ 
ables,  we  varied  the  third,  the  area  of  the  dielectric  insulator.  An 
area  increase  was  accomplished  by  extending  the  silver  coating  past  the 
edge  of  the  iron  sample  as  shown  in  Figure  4-5.  By  silvering  the  extend¬ 
ing  ceramic,  we  were  able  to  increase  capacity  and  attenuation  up  to  the 
point  where  it  was  at  the  same  level  as  the  uninsulated  assembly  used 
for  comparison  purposes.  The  only  explanation  that  we  have  at  this  time 
is  that  the  added  attenuation  is  supplied  by  the  losses  in  the  dielectric 
material . 

To  extend  the  data  into  the  realm  of  practical  wire  size,  a 
special  sample  group  was  fabricated  using  a  very  small  lead  zirconate 
ceramic  tube  (l/l6  inch  outside  diameter  x  l/32  inch  inside  diameter 
X  l/lO  inch  long)  as  an  insulator,  as  shown  in  Figure  4-6.  The  carbonyl 
iron  compact  was  molded  in  position  on  the  ceramic  tube,  with  the  wire 
in  place.  Additional  samples  with  a  l/l6-inch  diameter  brass  rod  as  a 
center  conductor,  having  no  insulation,  were  molded  and  used  for  compar¬ 
ison.  No  significant  difference  in  attenuation  was  found  between  the 
two  types  of  assemblies. 

During  the  year,  most  of  the  data  was  obtained  at  a  test 
frequency  of  500  megacycles.  Evaluation  at  frequencies  down  to  200 
megacycles,  with  a  variety  of  attenuating  materials,  gave  similar  results 
(See  Figure  4-7  and  Table  4-1).  As  can  be  seen  in  Figure  4-8,  those  were 
some  unexpected  changes  in  attenuation  that  could  not  be  accounted  for. 
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r/a.  4-S.  INCREASING  SAMPLE  CAPACITY  BY  SILVERING 


VIhlle  irregularities  were  noted,  it  appears  that  insertion  of 
a  high  permittivity  dielectric  between  the  initiator  conductors  and  the 
attenuating  material  can  be  accomplished  by  the  use  of  ceramic  prefoims, 
with  little  or  no  attenuation  loss.  Ceramic  preforms  do  not,  however, 
lend  themselves  to  most  initiator  designs;  therefore,  we  felt  that  a 
method  of  applying  a  film  of  ceramic  material  to  the  conducting  wires 


FIG.  4-6.  SAMPLE  DESIGN  USING  SMALL  CERAMIC  INSULATER 
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and  to  the  inner  portion  of  the 
initiator  case  itself  should  be 
developed.  Further  work  at  a  wide 
range  of  frequencies,  especially 
down  to  1  Me,  should  be  performed 
to  make  certain  that  attenuation 
holds  over  the  working  range  of 
frequencies,  without  gaps,  thus 
decreasing  the  effectiveness  of  the 
attenuator.  If  the  answers  to 
these  questions  can  be  found,  the 
resistances  and  voltage  breakdown 

ch^Lracterl8tics  of  the  initiator  assemblies  at  the  attenuator  plug 
cross-section  can  be  specified  Independently  of  the  attenuator  material. 
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In  the  following  equations,  subscripts  one  (l)  refer  to  the 
complex  U  parameters  and  subscripts  two  (2)  refer  to  the  non  complex 
parameters.  The  relationships  were  derived  by  equating  the  squares  of 
the  propagation  constant  and  the  characteristic  impedance  in  the  two 
systems . 

2  2  *  *  2  2  * 

Yi  =  -U)  =  Yj  =  -t"  ^263  (1) 

2  ^1  2  ^2 

Z®!  =  Z02^  =  -^  (2) 

®1  ®2 

These  equations  yield  four  equations  in  three  unknowns:  the  solutions 
give 


■V 


Avv-ivv 

1  h') 

(3) 


(4) 


(5) 


A1 
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Conductivity  is  expressed  by  the  relationship 

O2  =  €2" 

and  is  therefore  equal  to  eq.  4  multiplied  by  uu. 
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